COLLECTED ESSAYS 

B\f T. II. HUXLEY 


VOLUME II 




DARWI N I ANA 


ESSAYS 

h\ 

'nioMAs n. nuxiJCY 


Eonlion 

MACM1IA,A\' AND Co., Limtikd 

NKW Y«ikK! 'IIIK MAi'MU.I.AN t:t)Ml'ANV 

- . 





Richard Clay and Sons, Ihuhtfo, 

BREAD STREET HILL, E C., AND 
UUNGAV, SUP I OIK. 

Firitt Udition printed 1893 . 
Reh'inied iSq.}, 1809, ijo?, 1907. 



PEEFACE 


I HAVE entitled tliis volume '"Danviniana"' 
because the pieces republished in it either treat of 
the ancient doctrine of Evolution, rehabilitated and 
placed upon a sound scientific foundation, since 
and in consequence of, the publication of the 
Origin of Species ; or they attempt to meet the 
more weighty of the unsparing criticisms with 
• which that great work was visited for several years 
after its appearance ; or they record the impression 
left by the personality of Mr. Darwin on one who 
had the ])rivilege and the happiness of enjoying his 
friends! lip for some thirty years ; or they endeavour 
to sum up liis work and indicate its enduring 
influence on the course of scientific thought. 

Tliose who take the trouble to read the first 
two essays, published in 1S59 and 18G0, will, I 
think, do me the justice to admit that my zeal to 
secure fair play for Mr. Darwin, did not drive me 
into the i^osition of a mere advocate ; and that, 
while doing justice to the greatliess of the argu- 
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nient I did not fail to indicate its w(‘ak points. I 
have never seen any reason for departing from the 
position which I tnok up in those two essays ; and 
the assertion which I soinotiines moot with nowa- 
days, that I have “ recanted or clianged my 
opinions about Mr. Darwin s views, is (piite unin- 
telligible 1<) me. 

As 1 liavc said in ilie seventh essay, the fact of 
cvoluiiou is to my mind sufficiently evidenced by 
palu'oniology ; and I remain of tin* opinion ex- 
j)ress(‘d in the si'cond, that until S(do(itivobre(iding 
is d(‘iinit(‘ly jirovcd to give rise to varieties iideriik* 
with ou(‘ another, the logical foundation of tlu^ 
theory of na,t ural selection is incomplete. We still 
remain very much in the dark about the (•aus(‘S of 
variation; the apparent inhm’itanci} of aiujuired 
(•liaracters in soin(‘ cas(‘s; and tln' siruggh‘ for 
(‘xislt‘n<’(^ within tla* organism, wliiidi prol>ahly 
liiss at the bottom of b<»th of llie.m* plamomena. 

Kotm* apology is dm‘ to I Ik* r<*a(ler for i,ht‘ repro- 
diudioti of the “ i^eeture.s to Working Mi*n ” in 
their original state. Th(‘y wen* taken down in 
shorthand l)y Mr, d. Aldons Mays, who re(|uest(‘d 
iiu‘ to allow him to[>rint thmn. f was very much 
pr(‘SS(‘<l with work at the iim(‘ ; a,iid, as 1 could not 
r(‘vis(^ tin* n‘ports, which I imagint‘d, mon'ovi^r, 
wouhl luiof littl(‘or no intm’est to any but my 
auditors, I stipulat'd that a notiett shouhl l)t‘ pre- 
lixe<l t<i tha.t effetd.. This \va.H <lone ; but it di<l md. 
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prevent a considerable diffusion of the little book 
in this country and in the United States, nor its 
translation into more than one foreign language. 
Moreover Mr. Darwin often urged me to revise and 
expand the lectures into a systematic popular 
exposition of the topics of which they treat. I 
have more than once set about the task : but the 
proverb about spoiling a horn and not making a 
spoon, is particularly applicable to attempts to 
remodel a piece of work which may have served its 
immediate purpose well enough. 

So I have reprinted the lectures as they stand, 
with all their imperfections on their heads. It 
would seem that many people must have found 
tliem useful thirty years ago ; and, though the 
sixties appear now to be reckoned by many of the 
rising generation as a part of the dark ages, I am 
not without some grounds for suspecting that 
there yet remains a fair sprinkling even of 
philosophic thinkers” to whom it may be a 
])i’ofitable, perhaps even a novel, task to descend 
from the heights of speculation and go over the 
A B G of the great biological problem as it was 
set before a body of shrewd artisans at that remote 
epoch. 
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THE DARWINIAN HYPOTHESIS 
[ 1859 ] 

The liypothcsis of which the present work of 
Mr. Darwin is hnt the preliminary outline, may 
be stated in liis own language as follows: — 
“ Species originated by means of natural selection, 
or through the preservation of the favoured races 
in the struggle for life."' To render this thesis 
intelligible, it is necessary to interpret its terms. 
In the first place, what is a species ? The question 
is a simple one, but the right answer to it is hard 
to find, even if we appeal to those who should 
know most about it. It is all those animals or 
plants which have descended from a single pair of 
parents; it is the smallest distinctly definable 
group of living organisms; it is an .eternal and 
immutable entity ; it is a mere abstraction of the 
human intellect having no existence in nature. 
Such are a few of the significations attached to 
VOL. II B 
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this simple -word which may be culled from 
authoritative sources; and if, leaving terms and 
theoretical subtleties aside, we turn to facts and 
endeavour to gather a mcnaiing for ourselves, by 
studying the tilings to which, in practice, thcj 
name of species is applied, it profits us little. For 
practice varies as much as theory. Lc^t two 
botanists or two zoologists examine arid describe 
the productions of a country, and one will pretty 
certainly disagree with tlie other as to the number, 
limits, and definitions of tlie specicjs into which he 
groups the very same things. In these islands, wo 
are in the habit of regarding mankind as of oik 5 
species, but a fortnight's steam will land us in a 
country wlioro divines and savants, for once in 
agreement, vie with one another in loudness of 
assertion, if not in cogency of proof, tlnit men are 
of different species; and, more j>arl.icu]arly, that 
the species negro is so distinct from our own that 
the T(m Command memts luivo actually no r(‘f(‘r(‘nce 
to him. Even in tlio calm region of entomology, 
whore, if anywhere in tliis sinful world, jiassion 
and prejudice should fail to stir tlic mind, ona 
learned coloopterist will fill ten attractive voIum(‘S 
with descriptions of species of bcoth^s, niu<i-k^nths 
of which are innn<‘diat(»ly declan^l hy his brotluir 
l)e(dile-nioiigt‘rs to be no specuos at all. 

The truth is that tlie nunil)or (>rdistinguishal)l(i 
living creatures almostsurpassc's imagination. Af, 
least 100,000 such kijids of ins(‘ctsalon(^ liavcHxu'n 
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described and may bo identified in collections, and 
the number of separable kinds of living things is 
under-estimated at half a million. Seeing that 
most of these obvious kinds have their accidental 
varieties, and that they often shade into others 
by imperceptible degrees, it may well be 
imagined that the task of distinguishing be- 
tween what is permanent and what fleeting, 
what is a species and what a mere variety, 
is sufficiently formidable. 

But is it not possible to apply a test whereby a 
true species may be known from a mere variety ? 
Is there no criterion of species ? Great authori- 
ties affirm that there is — ^that the unions of 
members of the same species are always fertile, 
while those of distinct species are either sterile, 
or their offspring, called hybrids, are so. It is 
affirmed not only that this is an experimental 
fact, but that it is a provision for the preservation 
of the purity of species. Such a criterion as this 
would be invaluable ; but, unfortunately, not only 
is it not obvious how to apply it in the great 
majority of cases in which its aid is needed, but 
its general validity is stoutly denied. The Hon. 
and Rev. Mr. Herbert, a most trustworthy authority, 
not only asserts as the result of his own observa- 
tions and experiments that many hybrids are 
quite as fertile as the parent species, but ho goes 
so far as to assort that the particular plant Crimmi 
capeTiBe is much more fertile when crossed by a 

B 2 
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distinct species than when fertilised by its proper 
pollen ! On the other hand, the famous Gaertner, 
though he took the greatest pains to cross the 
Primrose and the Cowslip, succeeded only once or 
twice in several years; and yet it is a well- 
established fact that the Primrose and the Cow- 
slip arc only varieties of the same kind of plant. 
Again, such cases as the following are well estab- 
lished. The female of species A, if crossed with 
the male of species B, is fertile ; but, if the female 
of B is crossed with the male of A, slie remains 
barren. Facts of this kind destroy the value of 
the supposed criterion. 

If, weary of the endless difficulties involved in 
tlio determination of species, the investigator, 
contenting himself with the rougli practical 
distinction of separable kinds, endeavours to 
study them as they occur in nature — to ascertain 
tlieir relations to the conditions which surrouinl 
them, their mutual harmonics and discordancies of 
structure, the bond of union of their present and 
their past history, he finds himself, according to 
the received notions, in a mighty maze, and with, 
at most, the dimmest adumbration of a jdan. 
If he starts with any one clear conviction, it is 
tliat every part of a living creature is cunningly 
adapted to some special use in its life. Has not 
his Paley told him tliat that se<iming]y usohtss 
organ, tlic spleen, is beautifully adjust(‘,d as so 
much packing between the other organs? And 
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yet, at tlie outset of his studies, he finds that no 
adaptive reason whatsoever can be given for one- 
half of the peculiarities of vegetable structure. 
He also discovers rudimentary teeth, which are 
never used, in the gums of the young calf and in 
those of the foetal whale; insects which never 
bite have rudiinental jaws, and others which 
never fly have rudimental wings ; naturally blind 
creatures have rudimental eyes ; and the halt 
have rudimentary limbs. So, again, no animal or 
plant puts on its perfect form at once, but all have 
to start from the same point, however various the 
course which each has to pursue. Not only men 
and horses, and cats and dogs, lobsters and 
beetles, periwinkles and mussels, but even the 
very sponges and animalcules commence their 
existence under forms which are essentially 
undistinguishable ; and this is true of all the 
infinite variety of plants. Nay, more, all living 
beings march, side by side, along the high road of 
development, and se2Darate the later the more like 
they are ; like people leaving church, who all go 
down the aisle, but having reached the door, some 
turn into the parsonage, others go down the 
village, and others part only in the next parish. 
A man in his development runs for a little while 
parallel with, though never passing through, the 
form of the meanest worm, then travels for a 
space beside the fish, then journeys along with 
the bird and the reptile for his fellow travellers ; 
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and only at last, after a brief coinpaiuonsbi}) with 
the highest of the four-footed ami four-handed 
world, rises into the dignity of j^ure manhood. No 
competent thinker of the ])resent day dreams of 
exjjlaining these indubitable facts by the notion 
of the existence of unknown and undiscoverable 
adaptations to purpose. And we would remind 
those who, ignorant of the facts, must bo moved 
by authority, that no one has asscirted tlie incom- 
petence of the doctrine of final causes, in ii-s 
application to physiology and anatomy, more 
strongly than our own eminent anatomist, 
Professor Owen, who, speaking of such cases, says 
(“On the Nature of Limbs,'’ p 2 ). 80, 40) — “I 
thiiAk it will he obvious that the princi2)l(i of hnal 
adaptations fails to satisfy all the conditions of 
tin) problem." 

But, if tlie doctrine of iinal causes will not 
helj) us to comprehend the anomali(*s of living 
structure, the jn-iucijde of ada[)tation must sandy 
lead us to understand why certain living Inu'ngs are 
found in certain regions of the world and not in 
others. The Palm, as we know, will itoi grow in 
our climate, nor the Oak in <jlr(‘(‘nlan<l. The 
white boar cannot live where the tig<‘r tln*iv(‘s, 
nor vice vernd, and the more the natural hal)its of 
animal and vegeta1)lo sjAecies are examiiu*d> the 
more do they seem, on the whohi, limited to 
particular provinces. But wluui we look iulo the 
facts established ])y the study of the geograpliieal 
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distribution of animals and j^lanis it seems 
utterly hopeless to attempt to understand the 
strange and apparently cajnicious relations which 
they exhibit. One would be inclined to supi^ose 
a priori that every country must be naturally 
peopled by those animals that are fittest to live 
and thrive in it. And yet how, on this hypothesis^ 
are we to account for the absence of cattle in the 
Pampas of South America, when those parts of 
the New World were discovered ? It is not that 
they were unfit for cattle, for millions of cattle 
now run wild there ; and the like holds good of 
Australia and New Zealand. It is a curious 
circumstance, in fact, that the animals and 2)lants 
of the Northern Hemisj)hero are not only as well 
adapted to live in the Southern Hemisphere as 
its own autochthones, but are, in many cases, 
absolutely better adapted, and so overrun and 
extirpate the aborigines. Clearly, therefore, the 
species which naturally inhabit a country are not 
necessarily the best adapted to its climate and 
other conditions. The inhabitants of islands are 
often distinct from any other known species of 
animal or plants (witness our recent examples 
from the work of Sir Emerson Tennent, on 
Ceylon), and yet they have almost always a sort 
of general family resemblance to the animals and 
l)lants of the nearest mainland. On the other 
hand, there is hardly a species of fish, shell, or 
crab common to the opposite sides of the nan-ow 
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A Itu’go inimljcr of persons practi{‘,a]]y assume 
tlie former [josibiuii Uy 1>o correct. I'liey beiieve 
that tlio writer of fclio IVniateiK'h was empoAV<ii‘(‘(1 
and coJuniissioiKMl to Leach iis scieiitilio as well as 
other truth, that the account wo Had tlienj of tlie 
creaLiou of living things is simply and literally 
correct, and that anything which seems to con- 
tradict it is, by the nature of the case, fals(!. All 
tlie phenomena which have been detailed ar<s on 
this view, the immediate product of a <‘r(‘ativ(‘ 
hat and, consequently, are out of the domain of 
science altogether. 

Whether this view prove ultimately to ho tnui 
or false, it is, at any rate, not at javstait su|) - 
ported by what is commonly regarded as ]ogi<‘a,l 
proof, evisn if it bo capable of discussion by 
reason ; and hence we consider ourselv(‘s a-t liberty^ 
to ])ass it by, and to turn to thost‘, vi(‘WS whic.h 
profess to rest on a scientific basis (Uily, ami thcu’ti- 
fore admit of Ijoing argiaul to tlH‘ir couse<|uences. 
An<l we do this witli the less h<,‘sitation as it so 
luipj)ons that those, peu'sons who arci ])racii(*a!ly 
(‘{>nversant with the facts of tlu‘. <;as»* (jdainly a 
considerable advantage) have always thought ht 
to range thems(ilvc^s under tin*. latter category. 

The majority of th<‘so competent pcjrsons Imvc? 
up to th<j present tinu^ maintaimul i.wo jjositions — 
the first, that ewery s[MK*,i(*s is, within ctirtain (h^- 
iiued limits, (ix('(l and incapahl<i of naslificatum ; 
tint S(‘cond, that t‘V<*ry spt‘(a(‘S was originally pro- 
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duced by a distinct creative act. Tlie second 
position is obviously incapable of proof or disproof, 
the direct operations of the Creator not being 
subjects of science; and it must therefore be 
regarded as a corollary from the first, the truth 
or falsehood of which is a matter of evidence. 
Most persons imagine that the arguments in 
favour of it are overwhelming ; but to some few 
minds, and these, it must be confessed, intellects 
of no small power and grasp of knowledge, they 
have not brought conviction. Among these 
minds, that of the famous naturahst Lamarck, 
who possessed a greater acquaintance with the 
lower forms of life than any man of his day, 
Cuvier not excepted, and was a good botanist to 
boot, occupies a prominent place. 

Two facts appear to have strongly affected the 
course of thought of this remarkable man — the 
one, that finer or stronger links of affinity connect 
all living beings with one another, and that thus 
the highest creature grades by multitudinous 
steps into the lowest; the other, that an organ 
may bo developed in particular directions by 
exerting itself in particular ways, and that modi- 
fications once induced may be transmitted and 
become hereditary. Putting these facts together, 
Lamarck endeavoured to account for the first by 
the operation of the second. Place an animal in 
new circumstances, says he, and its needs will be 
altered ; the now needs will create new desires, and 
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tlio attempt to gratify such desires will i-csult in an 
appropriate modification of tlie organs exerted. 
Make a man a blacksmitli, and his brachial muscles 
will develop in accordance with the demands made 
upon them, and in like manner, says Lamarck, 
'Hho efforts of some short-neckcMl bird to catch 
fish without wetting himself have, with time and 
perseverance, given rise to all onr herons and 
long-necked waders/" 

The Lamarckian hypothesis has long since been 
justly condemned, and it is the ostahlished prac- 
tice for every tyro to raise his heel against tluj 
cai'caso of the dead Hon. But it is randy either 
wise or instructive to trejit even the <a'rors of a 
really great man with mere ridiculti, aud in the 
present case the loguual form of the doci»rino stands 
on a very different footing from its suhstauc<^ 

If species have really arisen by the opc*. ration 
of natural conditions, w(i ought to be able 1o find 
those conditions now at work; wo ouglit to lx? 
aide to discover in nature sonui powt‘r adexjuaht 
to modify any given kind of animal or plant in 
such a manner as to give rise to another kiiul, 
whi(di would be adinitkxl by naturalists ns a 
distinct species. Lamanik imagined that he had 
discovered this mm caum in the admitttxl facts 
that some organs may be modified by ex(T<ise ; 
and that modifications, once prodticoil, are capable 
of hereditary transmission. Tt docis not seetn to 
have occurred to him to impure wludluir tlituH^ is 
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any reason to believe that there are any limits to 
the amount of modification producible, or to ask 
how long an animal is likely to endeavour to 
gratify an impossible desire. The bird, in our 
example, would surely have renounced fish dinners 
long before it had produced the least effect on leg 
or neck. 

Since Lamarck’s time, almost all competent 
naturalists have left speculations on the origin of 
species to such dreamers as the author of the 

Vestiges,” by whose well-intentioned efforts the 
Lamarckian theory received its final condemnation 
in the minds of all sound thinkers. Notwith- 
standing this silence, however, the transmutation 
theory, as it has been called, has been a ‘‘ skeleton 
in the closet” to many an honest zoologist and 
botanist who had a soul above the mei*e naming of 
dried plants and skins. Surely, has such an one 
thought, nature is a mighty and consistent whole, 
and the providential order established in the 
world of life must, if we could only see it rightly, 
be consistent with that dominant over the multi- 
form shapes of brute matter. But what is the 
history of astronomy, of all the branches of physics, 
of chemistry, of medicine, but a narration of the 
steps by which the human mind has been com- 
pelled, often sorely against its will, to recognise 
the operation of secondary causes in events where 
ignorance beheld an immediate intervention of a 
higher power ? And when we know that living 
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tluDgs arc formed of tho same elemenf.s as tlie 
inorganic world, that they act and react npon it, 
bonnd by a thousand tics of natural piety, is it 
probable, nay is it possible, that they, and they 
alone, should have no order iu ilieir scheming 
disorder, no unity in their seeming niulilplicity, 
should suffer no explanation hy tho discovery 
of some central and suhliinc law of mutu.al 
connection ? 

Questionsof this kind liave assuredly often arisen, 
but it might have been long Ixdoro they received 
such expression as would have commanded tho 
respect and attention of tho scicntiii<‘. world, htul 
it not been for the publication of the work which 
prompied this article. Its author, Mr. Darwin, 
inheritor of a once celebrated name, won his spurs 
in science when most of those now distitiguished 
wen? young moji, and has for tin? last twenty 
yc?ars lield a place in tin? front rfuiks of Britisli 
])hilosoph(jrs. AfUn* a cinnimnavigatory voyag(‘., 
undertake-ii solely for (he? love of liis scicnc(?, Mr, 
Darwiii published a seihis of ntseandies whi<?h at 
once arrest(?<l tho att(?ntidu of naturalists and 
geologisis; liis g(jiu?ralisations liavo sinc(? r(i<jeiv(jd 
ample confinnation and now coumiaiid urdv<jrsal 
<ass(int, nor is it <(U(istionabltj that (liey IniwUiiad 
(hi? most important iufhuuict? on tin? ])rogr<*ss of 
scioiKKs More recently MV. Darwin, with a 
versatility whicli is among tin? rarest gifts, 
tnrac?d his attention to a most diiliciilt (juesiiou of 
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zoology a-nd minute anatomy; and no living 
naturalist and anatomist lias published a better 
monograph than that which resulted from his 
labours. Such a man, at all events, has not 
entered the sanctuary with unwashed hands, and 
when he lays before us the results of twenty 
years’ investigation and reflection we must listen 
even though we be disposed to strike. But, in 
reading his work, it must be confessed that the 
attention which might at first be dutifully, soon 
becomes willingly, given, so clear is the author’s 
thought, so outspoken his conviction, so honest 
and fair the candid expression of his doubts. 
Those who would judge the book must read it : 
we shall endeavour only to make its line of argu- 
ment and its philosophical position intelligible to 
the general reader in our own way. 

The Baker Street Bazaar has just been exhibit- 
ing its familiar annual spectacle. Straight-backed, 
small-hcaded, big-barrelled oxen, as dissimilar 
from any wild species as can well be imagined, 
contended for attention and praise with sheep of 
half-a-dozen different breeds and styes of bloated 
preposterous pigs, no more like a wild boar or sow 
than a city alderman is like an ourang-oiitang. 
The cattle sliow has been, and perhaps may again 
be, succeeded by a poultry show, of whose crowing 
and clucking prodigies it can only be certainly 
predicated that they will bo very unlike the 
aboriginal Phasiamos gallus. If the seeker after 
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animal anomalies is not satisfied, a turn or two in 
Seven Dials will convince him that the breeds of 
pigeons are quite as extraordinary and unlike one 
another and their parent stock, while tlie Horti- 
cultural Society will provide him with any number 
of corresponding vegetable aberrations fi’om 
nature’s types. He will learn with no little 
surprise, too, in the course of his travels, that the 
projuietors and producers of these animal and 
vegetable anomalies regax*tl them as distinct 
species, with a firm belief, the strength of which 
is exactly proportioned to their ignorance of 
scientific biology, and which is the more remark- 
able as they arc all proud of their skill in originat- 
ing such species.” 

On careful impiiry it is found that all these, and 
the many other artificial breeds or ra,c<js of animals 
and jdants, have been produced by one method, 
Th(i breeder — and a skilful one, must bo a person 
of rniuh sagacity and natural or acapiired percuptiv(^ 
faculty — notes some*, slight diflbr(‘nc(*, arisitig In*, 
knows not how, in some individuals of his stock. 
If he wish to perpetuate the diffiu'oiKJU, to form a 
breed with the peculiarity in (luestiun strongly 
markcnl, he selects such male fiiul female indi- 
viduals a,s exhil)it the desired charact< a*, and bretids 
from them, Tluh oifspring ani tlum carefully 
examined, and those which exhibit the peculiarity 
the most distinctly are selected for broe<ling; and 
this operation is repeated until the desired amount 
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of divergence from the primitive stock is reached. 
It is then found that by continuing the process of 
selection — always breeding, that is, from well- 
marked forms, and allowing no impure crosses to 
interfere — a race may be formed, tlie tendency of 
which to reproduce itself is exceedingly strong; 
nor is the limit to the amount of divergence which 
may be thus produced known ; but one tiling is 
certain, that, if certain breeds of dogs, or of pigeons, 
or of horses, were known only in a fossil state, no 
naturalist would hesitate in regarding them as 
distinct sjiecics. 

But in all those cases we have human interfer- 
ence. Without the breeder there would be no 
selection, and without the selection no race. 
Before admitting the possibility of natural species 
having originated in any similar way, it must be 
proved that there is in Nature some power which 
takes the place of man, and performs a selection 
S'lod sponte. It is the claim of Mr. Darwin that he 
professes to have discovered the existence and the 
modus operandi of this natural selection,'’ as he 
terms it ; and, if he be right, the process is per- 
fectly simple and comprehensible, and irresistibly 
deducible from very familiar but well nigh for- 
gotten facts. 

Who, for instance, has duly reflected upon all 
the consequences of the marvellous struggle for i 
existence which is daily and hourly going on^ 
among living beings ? Not only does every animal 
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live at tlie expense of some other animal or plant, 
but the very plants arc at war. The ground is 
full of seeds that cannot rise into seedlings ; the 
seedlings rob one another of air, light and water, 
the strongest robber winning the day, and ex- 
tinguishing his competitors. Year after year, the 
wild animals with which man never interferes are, 
on the average, neither more nor less numerous 
tljian tlicy were ; and yet we know that the annual 
produce of every pair is from one to perhaps a 
million young; so that it is mathematically certain 
tluit, on the average, as many arc killed by natural 
causes as fire born every year, and those only escape 
which happen to ho a littl(‘ bettor fitted to ivisist 
destruction than those which die. The individuals 
of a species an^ like the e.row of a foundtTi^d shi]), 
an<l Jioue but good swimmers hav(^ a cha-n(t(‘. of 
reaching th(‘. land. 

Huch Inung un(|U(‘stioiial)ly the ncccissary con- 
ditions uiuhir which living (uxiatures (‘xist, Wr. 
Darwin discovers in tlunn the insirumtaitof natural 
s(decti<m. Suppose that in th<‘. midst of tins in- 
cessa.nt competition sonui individuals of a six^tm^s 
(A) pnisoiit accidental variations which liapjxai to 
fit them a little heftier than th(*ir fidlows for the 
struggle in which they ari‘. (mgaged, tium the, 
(thaticoB ar(‘, in favour, not only of these, individuaJs 
being biH.ier nourisluxl than th<^ otluTS, but i)f 
tlnur ])rod()miu<‘iting over tlunr fellows in oilua* 
ways, and of having a better (duiuce of lutiving 
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ofifspring, which will of course tend to reproduce 
the peculiarities of their parents. Their offspring 
will, by a parity of reasoning, tend to predominate 
over their contemporaries, and there being (sup- 
pose) no room for more than one species such as 
A, the weaker variety will eventually be destroyed 
by the new destructive influence which is thrown 
into the scale, and the stronger will take its j^lacc. 
Surrounding conditions remaining unchanged, the 
new variety (which we may call B) — supposed, for 
argument's sake, to be the best adapted for these 
conditions whicli can be got out of the original 
stock — will remain unchanged, all accidental devia- 
tions from the type becoming at once extinguished, 
as less fit for their post than B itself. The tend- 
ency of B to persist will grow with its persistence 
through successive generations, and it will acquire 
all the characters of a new species. 

But, on the other hand, if the conditions of life 
change in any degree, however slight, B may no 
longer be that form which is best adapted to with- 
stand their destructive, and profit by their sus- 
taining, influence ; in which case if it should give 
rise to a more competent variety (0), this will take 
its place and become a new species ; and thus, by 
natural selection, the species B and C will be suc- 
cessively derived from A. 

That this most ingenious hypothesis enables us 
to give a reason for many a])parent anomalies in 
the distribution of living beings in time and space, 
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and that it is not contradicted by the main phen- 
omena of life and organisation aiipcar to ns to be 
luiquGstionable ; and, so far, it must bo a(imittcd to 
have an immense advantage over any of its prede- 
cessors. But it is quite another matter to affirm 
absolutely either the truth or falsehood of Mr. 
Darwin’s views at the present stage of the inejuiry. 
Goethe has an excellent aphorism defining that 
state of mind wliich ho calls Thiitigc Skopsis ” 
— active doubt. It is doubt wliich so loves truth 
that it neither dares rest in doubting, nor extin- 
guish itself by unjustified belief ; and wo commend 
this state of mind to students of species, wit.h 
respect to Mr. Darwin’s or any otlier hypothesis, 
as to their origin. The conibiiuul investigations 
of another twenty years may, perhaps, enable 
naturalists to say whether the naxlifying causi^s 
and the selective power, wliich Mr. Darwin has 
satisfactorily shown to (‘xist in Nature, are com- 
petent to produce ail tlie efiecis he asiu'ilKJS t.o 
them ; or wln^ther, on the other hand, lie has he<‘n 
led to over-estimate the value of tla^ [iriiunple of 
natural selection, ixh greatly as Lamar<‘k ov<‘r- 
estimated liis vera mnsa of mollification by (*x(frcis<‘. 

But there is, at all events, one advantagii pos- 
sessed hy the more reciuit writiir over his pn*- 
decossor. Mr. Darwin abhors mere sp(‘(!ula,tion as 
natur<‘. abliorsa vacuum. H<i is as gna'dy of <*ascs 
and pn‘<;(‘d<nitH as any constitutional lawym’, and 
all the principl(‘s lie lays down arii (‘ajiable of bidng 
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broiiglit to the test of observation and experiment. 
The path he bids us follow professes to be, not a 
mere airy track, fabricated of ideal cobwebs, but a 
solid and broad bridge of facts. If it be so, it 
will carry us safely over many a chasm in our 
knowledge, and load us to a region free from the 
snares of those fascinating but barren virgins, the 
Final Causes, against whom a high authority has so 
justly warned us. My sons, dig in the vineyard,^’ 
were the last words of the old man in the fable : 
and, though the sons found no treasure, they made 
their fortunes by the grapes. 
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Me. Daewin’b long-standing «aiul wdl-oarned 
sci(*nti(ic (‘UiiiK^uco 2 >rol)al)ly renders him iudlHer- 
ent to that social notori(‘ty which pjiss(‘s hy the 
name of success; hut if tlic calm si>irit of the 
])hilosoi)h(‘r havti not yet wholly supersi^diul tln^ 
a-mhitioii and th(i vanity of the carnal man within 
him, ho must bo W(ill salislled with tln^ nwilts (»f 
his Vimturo in publishing the “ Origin of Species.’^ 
Overliowing the narrow bounds of ]>un‘ly sci(‘ntili<^ 
circles, the '^spechss cpiestiou’’ divalt^s with Italy 
and the Volunteers the attention (d* gcuieral 
society. Evcrylxxly has read Mr. Darwin’s l)ook, 
or, at least, has givcun an o[>inion ui)on its imrits 
or dciinerits ; ])i(jtists, whether lay or (‘(xh*siastic., 
decry it with th(‘, mil<l railing whi<^li sounds so 
charitabki ; bigots denounce it with ignorant 
invective; ol<l ladies of both sexes consider it a 
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decidedly dangerous book, and even savants, who 
have no better mud to throw, quote antiquated 
writers to show that its author is no better than 
an ape himself ; while every philosophical thinker 
hails it as a veritable Whitworth gun in the 
armoury of liberalism ; and all competent natural- 
ists and physiologists, whatever their opinions as 
to the ultimate fate of the doctrines put forth, 
acknowledge that the work in which they are 
embodied is a solid contribution to knowledge 
and inaugurates a new epoch in natural history. 

Nor has the discussion of the subject been 
i-estrained within the limits of conversation. 
When the public is eager and interested, reviewers 
must minister to its wants; and the genuine 
litUraicuT is too much in the habit of acquiring 
his knowledge from the book ho judges — as the 
Abyssinian is said to provide himself with steaks 
from the ox which carries him — to be withheld 
from criticism of a pi’ofound scientific work by 
the mere want of the requisite preliminary scien- 
tific acquirement ; while, on the other hand, the 
men of science who wish well to the new views, 
no loss than those who dispute their validity, have 
naturally sotight opportunities of expressing their 
opinions. Hence it is not surprising that almost 
all the critical journals have noticed Mr. Darwin’s 
work at greater or loss length ; and so many dis- 
quisitions, of every degree of excellence, from the 
poor product of ignorance, too often stimulated by 
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prejudice, to tlie fair and tbouglitful essay of tlio 
candid student of Nature, liave appeared, that it 
seems an almost liupeless task to attempt to say 
anything new upon the question. 

But it may he doubted if the knowledge and 
acumen of prejudged scientific opponents, and the 
subtlety of orthodox special pleaders, have yefc 
exerted their full force in mystifying the re<al issues 
of the great controversy which has been set afoot, 
and whoso end is hardly likely to bo seen by this 
generation ; so that, at this eleventh hour, and even 
failing anything now, it may ])0 useful to state 
afresh that which is true, and to put the funda- 
mental positions advocated by Mr, Darwin in biujIi 
a form that they may be grasped ])y those whose 
special studic^s lie in other directions. And the 
adoption of this course maybe the more advisable, 
because^, notwithstanding its great des(‘rts, and 
indeed ])artly on account of them, tlui Origin of 
Bpeciiis’^ is by no means an (^tisy book to rc^ad — if 
by Heading isimpli(‘d the full eompn^lKUision of an 
author’s meaning. 

We do not speak jestingly in saying that it is 
Mr. Darwin’s misfortuiui to know mon^ about the 
(picstion he ha>s tak(m up than any man living. 
Personally and practi<^ally exijrcised in ssoology, in 
mimito anatomy, in geology ; a studimt of geogra- 
phical distribution, not on maps and in muscuims 
only, but by long voyages and laborioTis collection ; 
having largely advanced <iaoh of tlusst^ branclu^s of 
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science, and having spent many years in gathering 
and sifting materials for his present work, the 
store of accurately registered facts upon which the 
author of the “ Origin of Species ” is able to draw 
at will is prodigious. 

But this very superabundance of matter must 
liave been embarrassing to a writer who, for the 
present, can only put forward an abstract of his 
views; and thence it arises, perhaps, that notwith- 
standing the clearness of the style, those who 
attempt fairly to digest the book find much of it 
a sort of intellectual pemmican — a mass of facts 
crushed and pounded into shape, rather than held 
together by the ordinary medium of an obvious 
logical bond; due attention will, without doubt, 
discover this bond, but it is often hard to find. 

Again, from sheer want of room, much has to 
be taken for granted which might readily enough 
be proved ; and hence, while the adept, who can 
supply the missing links in the evidence from his 
own knowledge, discovers fresh proof of the singu- 
lar thoroughness with which all difficulties have 
been considered and all unjustifiable suppositions 
avoided, at every reperusal of Mr. Darwin's preg- 
nant paragraphs, the novice in biology is apt to 
complain of the frequency of what he fancies is 
gratuitous assumption. 

Thus while it may be doubted if, for some years, 
any one is likely to be competent to pronounce 
judgment on all the issues raised by Mr. Darwin, 
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i,horo is assnrpdly abundant room for wlio, 
assiimiuy the liumblor, tliough iMirliajis as iiscdul, 
()flH(^e of an iut.or2>reLer b(iiwucu the Origin of 
Rpocios’' and tlic j)ublic, eontuuts liiinsolf with 
(‘udoavonriny to i^oint out tlio iiaiuro of tlio prob- 
knns wlii<;h it discusses; to disting’uisli b(‘tvve<‘ii 
asciTiaintsl facts and llio lli(‘orct.ical views 
whi<b it cont,aJns ; and finally, to show the Cixteut 
to whiidi tlK‘ <‘,\i)Ianai.iou it oilers saiisfles the re.- 
(jiiirenn^nts of se-ii‘ntillc looic. At any rate, it is 
this ofli(!(^ wliii^h we j^urposo to luulertako in the 
followin^t^ liaises, 

Jt may b(i sa.lely a.ssunied tliai. onr n‘ad(‘rs luive 
a}.,0‘n(M’al eoiufeplion of tin* natun^ of the obje<tts 
to which lh(‘. word speides is applied; but it 
ha,s, perliai)S, oc(*nrred (<» a lew, evici to thos(^ who 
are natnra.lists o/’ projhso, lo relied,, that., a,s <!om- 
monly employed, tin* btrin has a, double sense ami 
d(‘not.(‘S two v<‘ry different ord(‘rs of relaiions. 
VVIam call a Jj^roup of aaiimaJs, or (»f plants, a 
species, wi* may imply tln*re})y, (‘itlu'r that all 
tliesii animals or plants havt^ some eommon jieituli- 
arity of form (*r strmdure. ; or, we may mean that 
tiny possess some, (*ommon funelionaJ <*ha.ra<!t(‘r. 
That part <>r biohi;^d<%‘iI s(m*nee whi<‘h deals with 
form and strmdure is <*allc‘d Morplioloxy- -that 
\vhi(di (!oneerus itself with function, Idiysioloey — 
so that w<^ may <^onvenie,ntly speak of these two 
senses, or aspistts, of spe(ues — the om* as mor-* 
pholog’ical, ihe oth(*r as jdiysiologieal. .lli‘garded 
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from tlie former point of view, a species is nothing 
more tliaii a kind of animal or plant, which is 
distinctly definable from all others, by certain 
constant, and not nierel}^ sexual, morphological 
peculiarities. Thus horses form a species, because 
the group of animals to which that name is applied 
is distinguished from all others in the world by 
the following constantly associated characters. 
They have — 1, A vertebral column ; 2, Mamma3; 
3, A placental embryo ; 4, Four legs ; 5, A single 
well-developed toe in each foot provided with a 
hoof; 0, A bushy tail ; and 7, Callosities on the 
inner sides of both the fore and the hind legs. 
The asses, again, form a distinct species, because, 
with the same characters, as far as the fifth in the 
above list, all asses have tufted tails, and have 
callosities only on the inner side of the fore-legs. 
If animals were discovered having the general 
characters of the horse, but sometimes with cal- 
losities only on the fore-legs, and more or less 
tufted tails ; or animals having the general char- 
acters of tho ass, but with more or less bushy 
tails, and sometimes with callosities on both pairs 
of legs, besides being intermediate in other re- 
spects — the two species 'would have to be merged 
into one. They could no longer be regarded as 
morphologically distinct species, for they would 
not be distinctly definable one from the other. 

However bare and simple this definition of 
species may appear to be, we confidently appeal to 
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all jiractical naturalists, whether zoologists, botan- 
ists, or paliTontologists, to say if, in tlie vast 
majority of oases, they know, or mean to aflSrm, 
anything more of the group of animals or plants 
they so denominate than what has just been stated. 
Even the most decided advocates of the received 
doctrines respecting S])ocies admit this. 

“ I ai)prolioutI,”says Profossor Owen,' “that few naliiralists 
nowadays, in dftS(iri)diig and proposing a name for what they 
(iuli ‘ a iKiW ftpeeles/ me that term to signify ^\hai was meant by 
it twenty or thirty years ago ; that is, an originally distinet 
creation, maintaining its primitive distiiuition hy ohstrindive 
generative peculiarities. The proposer of the now sp(‘cies now 
intends to state no more than he aidually knows ; as, for 
example, that the ditforenccs on uhi(di ho founds the speedfu; 
<*hara<’t(jr are constant in individuals of both sexes, so far as 
ohs(*rvation has r(*aehed ; and that th(*y are not duo to donn‘s- 
tieation or to artificially superinduecMl external eire.uinstan(‘(i,s, or 
to any outward influence within his coguizanee ; that tin* species 
is wild, or is such as it appears hy Nature.” 

If WO consider, in fact, that hy far ilio largi^st 
proportion of r(^c^ordcd existing spocicis are known 
otily hy the study of their skins, or bnuts, or other 
liftdeSvS exuviie ; that wo arc a<‘<piaintcd with none, 
or ruixt to none, of their physiologhjalpccnliarities, 
bc‘.yond those which can ho dtsduccul from their 
structure, or are ojxni to cursory observation ; and 
that we cannot hope to learn more of any of those 
extinct forms of life which now constitute no 
inconsiderable proportion of the known Flora and 

^ “Oil the Osteology of the Ghimpauzees and Onings ** ; 
TmimtcMona of the Zoological Hocutyi IttSS, 
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Fauna of the world : it is obvious that the defini- 
tions of these species can be only of a purely 
structural, or morphological, character. It is 
probable that naturalists would have avoided 
much confusion of ideas if they had more fre- 
quently borne the necessary limitations of our 
knowledge in mind. But while it may safely be 
admitted that we are acquainted with only the 
morphological characters of the vast majority of 
species — the functional or physiological, peculiari- 
ties of a few have been carefully investigated, and 
the result of that; study forms a large and most 
interesting portion of the physiology of reproduc- 
tion. 

The student of Nature wonders the more and is 
astonished the less, the more conversant he becomes 
with her operations; but of all the perennial 
miracles she offers to his inspection, perhaps the 
most worthy of admiration is the development of 
a plant or of an animal from its embryo. Examine 
the recently laid egg of some common animal, 
such as a salamander or newt. It is a minute 
spheroid in which the best microscope will reveal 
nothing but a structureless sac, enclosing a glairy 
fluid, holding granules in suspension.^ But strange 
possibilities lie dormant in that semi-fluid globule. 
Let a moderate supply of warmth reach its watery 
cradle, and the plastic matter undergoes changes 

^ [Wliew tins sent(ai('.(i was written, it was generally believed 
that tlio original nucleus of the egg (tlio germinal vesicle) 
disappeared. 
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so rapid, yet so steady and purposelike in their 
succession, that one can only coinp?iro them to 
tlioso operated by a skilled modeller upon a form- 
less lump of clay. As witli an invisible trowel, 
the mass is divided and subdivided into smaller 
and smaller portions, until it is reduced to an 
aggregation of granules not too large to build withal 
the lin(‘st fabrics of the nascent organism. And, 
then, it is as if a delicate linger traced out the line 
to 1)0 occupied by the spinal column, and moulded 
tlu^ contour of the body; pinching np the head 
at one end, the tail at the other, ami fashioning 
Hank ami limb into clue salamamlrine ])roporti(ms, 
in so artistic a way, that, after wahdiing (htijn-cxuiss 
liour1)y hour, one is almost involuntarily j)oss(‘SS(mI 
by th(i notion, tliat some more subtle aid to vision 
than an achromatic^, would show ih(‘. hicldcm artist, 
with liis plan Indore him, striving with skilful 
manipulation to [xa-lecd. his work. 

As The advamxss, ami 1hc‘ young a.mphil)iau 
ranges the waters, tlici terror of his ins(*C‘t<n)u- 
temj>orari(‘S, not only are thci nutrit iotis jKtrtlcltiS 
snpj)n(Ml by its jrcy, by th(‘ addition of which to 
its frames, growth tak(‘s placn^, laid down, enuh in 
iis proper spot, ami in such clue proportion to the 
rcfst, as to r(‘,i)rotIuce tlui form, the cchnir, and the 
si/.(^, ciliaracderistic*, of thes parcmtal stock ; but ctven 
the womha-ful powers of n*j)ro(lucing lost parts 
possessed l)y bhe^se animals are controlled by tlie 
same governing tench mcy. (Jut off the legs, the 
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tail, the jaws, separately or all together, and, as 
Spallanzani showed long ago, these parts not only 
grow again, but the redintegrated limb is formed 
on the same type as those which were lost. The 
new jaw, or leg, is a newt’s, and never by any 
accident more like that of a frog. What is true 
of the newt is true of every animal and of every 
plant; the acorn tends to build itself up again 
into a woodland giant such as that from whose 
twig it fell; the spore of the humblest lichen 
reproduces the green or brown incrustation which 
gave it birth ; and at tlie other end of the scale of 
life, the child that resembled neither tlio paternal 
nor the maternal side of the house would be 
regarded as a kind of monster. 

So that the one end to which, in all living 
beings, tlie fonnativc impulse is tending — the one 
scheme which the Archmus of the old speculators 
strives to carry out, seems to bo to mould the 
offspring into the likeness of the parent. It is 
the iirst great law of reproduction, that the 
offspring tends to resemble its parent or parents, 
more closely than anytliing else. 

Science will some day show us how this law is a 
necessary couse(pieuce of the more general laws 
which govern matter ; but, for the present, more 
can hardly be said than that it appears to be in 
harmony witli them. Wo know that the idiso- 
uomona of vitality arc not something apart from 
other pliysical pluenomena, but one with them ; 
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and matter and force are the two names of the 
one artist wlio fashions the living as well as the 
lifeless. Hence living bodies should obey the 
same great laws as otlier matter — nor, throughout 
Nature, is there a law of wider apiolication than 
this, that a body impelled by two forces takes the 
direction of their resultant. But living bodies 
may bo regarded as nothing but extremely complex 
bundh'S of forces held in a mass of matter, as the 
complex forces of a magnet arc held in the steel 
by its coercive force; and, since the <liffcrences 
of sex are comparatively slight, or, in other words, 
the sum of the forces in each has a very similar 
(oudeiicy, their resultant, the offspring, niuy reason- 
ably bo cxpeot(5d to deviate but little from a course 
parallel to either, or to lioth. 

Itcprescnt the I’oason of the law to ourselves by 
what physi(;al metaphor or ,‘uialogy wo will, how- 
ever, the great matter is to apprehend its existemui 
and the importance of the conseipumciis (U^diufiblct 
from it. For things whusli are lik(^ to the same 
are like to oiui another; and if, in a gre^at scuies of 
generations, every offspring is like ii.s panmt, it 
follows that all the offsju’ing and all the parents 
must bo like one another; and that, given an 
original j)areuta,] stock, with the oj)portuuity of 
undisturbed multiplujation, the law in qiuistion 
necessitates the production, iii course of tiitu?, of 
an iiuh^finitely largo gi’oup, thci whole of tlui nuua- 
bers of which are at oiku) very similar and are blood 
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relations, having descended from the same parent, 
or pair of parents. The proof tliat all the members 
of any given group of animals, or plants, had thus 
descended, would be ordinarily considered sufficient 
to entitle them to the rank of physiological species, 
for most physiologists consider species to be de- 
finable as ''the offspring of a single primitive 
stock.” 

But though it is quite true that all those 
groups we call species Qnay, according to the 
known laws of reproduction, have descended from 
a single stock, and though it is very likely they 
really have done so, yet this conclusion rests on 
deduction and can hardly hope to establish itself 
upon a basis of observation. And the primitive- 
ness of the supposed single stock, which, after all, 
is the essential part of the matter, is not only a 
hypothesis, but one which has not a shadow of 
foundation, if by " primitive ” be meant " indepen- 
dent of any other living being.” A scientific 
definition, of which an unwarrantable hypothesis 
forms an essential part, carries its condemnation 
within itself ; but, even supposing such a 
definition were, in form, tenable, the physiologist 
who should attempt to apply it in Nature would 
soon find himself involved in great, if not in- 
extricable, difficulties. As we have said, it is 
indubitable that offspring tend to resemble the 
parental organism, but it is equally true that the 
similarity attained never amounts to identity 
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either in form or in structure. There is always a 
certain amount of deviation, not only from the 
precise character's of a single parent, hut when, as 
in most animals and many plants, the sexes are 
lo<lged in distinct individuals, from an exact mean 
hetween the two parents. And indeed, on 
general principles, this slight deviation seems as 
intelligihlo as the general similarity, if we rofloct 
how complex the co- 02 )erating '' bundles of forces 
are, and liow iin]_:)robable it is that, in any case, 
their true resultant shall coincide with any mean 
between the more obvious characters of the two 
juirents. Whatever be its cause, however, the 
co-existenco of this tendency to minor variation 
with the tondeucy to general simihirity, is of vast 
importance in its bearing on the (Question of the 
origin of species. 

As a general ruhj, the extent to wliich an 
offsprijig differs from its j>an‘nt is slight enough; 
but, occasionally, the amount of dilFerencci is 3uuch 
more strongly marked, an<l thou the diverg<mt 
oilspring receives tlie name of a Variety. Multi- 
tii<l(ss, of what then) is every reason to believe are 
such varieties, are known, but the origin of very 
few has been accurately recordc<l, and of thcs<j we 
will select two as more especially illustrative of 
the main features of variation. The first of them 
is that of the Ancon" or ‘Hotter" sheej), of 
which a careful account is given by Colonel 
David Humidireys, in a letter to fcSIr 
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Joseph Banks, published in the “ Philosophical 
Transactions '' for 1818. It appears that one Seth 
Wright, the proprietor of a farm on the banks 
of the Charles River, in Massachusetts, possessed 
a flock of fifteen ewes and a ram of the ordinary 
kind. In the year 1791, one of the ewes 
presented her owner with a male lamb, differing, 
for no assignable reason, from its parents by a 
jjroportionally long body and short bandy legs, 
whence it was unable to emulate its relatives in 
those sportive leaps over the neighbours^ fences, 
in which they were in the habit of indulging, 
much to the good farmer's vexation. 

The second case is that detailed by a no less 
unexceptionable authority than RtSaumur, in his 
“Art de fairo ecloro les Poulets." A Maltose 
couple, named Kelleia, whoso hands and feet were 
constructed upon the ordinary human model, had 
born to them a son, Oratio, who jDossessed six per- 
fecjily movable fingers on each hand, and six toes, 
not quite so well formed, on each foot. No cause 
could be assigned for the appearance of this unusual 
variety of the human species. 

Two circumstances are well worthy of remark in 
both these cases. In each, the variety appears to 
have arisen in full force, and, as it were, saltum ; 
a wide and definite difference appearing, at once, 
between the Ancon ram and the ordinary sheep ; 
between the six-fingered and six-toed Gratio Kelleia 
and ordinary men. In neither case is it possible 
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to point out any obvious reason for tlic appearaneo 
of the variety. Doubtless there were determining 
causes for these as for all other phteuomena; but 
they do not appear, and we can be tolerably certain 
that what are ordinarily understood as changes in 
])hysical conditions, as in climate, in food, or the 
like, did not take j)lacc and had nothing to do with 
the matter. It Avas no case of what is coimnonly 
called adaptation to circumstances; but, to use a 
conveniently orroiioous phrase, the variations arose 
spontaneously. The fruitless S(^arch aftc^r final 
caus(iS loads their pursuers a long way ; but even 
those hardy t(3l eulogists, who are ready to break 
through all tho laws of physics in chase of their 
favourite vvilho’-tho-wisp, may be pxuizlod to dis- 
oovcii' what purpose could be attained by the stunted 
logs of Stdh Wright’s ram or tho hoxadaciyle 
nnunbers of Gratio Kcdleia. 

Varitiiies thou arise we know not why; and it is 
mortj tlian probable that tho majority of varioticjs 
have aris(‘n in this spontaneous ” mamxer, though 
wo arc, of course, far from denying that they may 
be traced, in some cases, to distinct external in- 
llu(*nces ; Avhich are assuredly competent to alter 
' the character of the t(3gumentary covering, to 
change colour, to increase or diminish the sizci of 
musci(%to modify constitution, an<l, among plants, 
to give rise to the metamorphosis of stamens into 
jietals, and so forth. But however they may have 
arisen, what especially interests us at prestmt is, to 
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remark that, once in existence, many varieties obey ; 
the fundamental law of reproduction that like tends 
to produce like; and their offspring exemplify it by ; 
tending to exhibit the same deviation from the 
parental stock as themselves. Indeed, there seems 
to be, in many instances, a prepotent influence 
about a newly-arisen variety which gives it what 
one may call an unfair advantage over the normal 
descendants from the same stock. This is strik- 
ingly exemplified by the case of Gratio Kclleia, 
who married a woman with the ordinary penta- 
dactyle extremities, and had by her four children, 
Salvator, George, Andr6, and Marie. Of these 
children Salvator, the eldest boy, had six fingers 
and six toes, like his father ; the second and third, 
also boys, had five fingers and five toes, like their 
mother, though the hands and feet of George 
were slightly deformed. The last, a girl, had five 
fingers and five toes, but the thumbs were slightly 
deformed. The variety thus reproduced itself 
purely in the eldest, while the normal type 
reproduced itself purely in tbe third, and almost 
purely in the second and last : so that it would 
seem, at first, as if the normal type were more 
powerful than the variety. But all those children 
grew up and intermarried with normal wives and 
husband, and then, note what took place : Salvator 
had four children, three of whom exhibited the 
hexadactyle members of their grandfather and 
father, while the youngest had the pentadactyle 
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limbs of the mother and grandmother; so that 
hero, notwithstanding a double pentadactyle 
dilution of the blood, the hexadactylo variety had 
the best of it. The same pre-potency of the 
variety was still more markedly exeinidifiod in the 
progeny of two of the oilier children, Marie and 
George. Marie (whoso thumbs only were de- 
formed) gave birth to a boy with six toes, and 
three other normally formed children; but George, 
who was not quite so pure a pentadactyle, begot, 
first, two girls, each of whom had six fingers and 
toes ; tlicn a girl with six fingers on each hand and 
six toes on the right foot, but only five toes on 
the left; and lastly, a boy with only five fingers 
and toes. In these instances, therofore, the 
variety, as it were, leaped over one gmu‘i‘at.ion to 
reproduce itself in full force in the next. FinaJly, 
the pundy ponfadaciyle Andre was the fatluT of 
many cliildreu, not one of whom d(‘part(‘d from 
the normal parental tyjMi. 

If a variation wliicJi a.p])roa(di(*s tli(‘ nature of a 
monstrosity can strivii thus fonably to n‘produce 
itself, it is not wondm-ful tliat h^ss aberrant 
modifications should t<*nd to h(t presiirvijd ovmi 
more*, strongly ; and tlie history of the An<*ou she(jp 
is, in this resptict, particularly insi.ructive. Witli 
the '‘’cuteu<‘ss ” characteristic of th<*ir nation, the 
ncighhours of the Massacdiusetts farmer imagined 
it would bo an (txcellont thing if all lu\s slujop 
were imbued with tlie stay-at-h,onio teudimcioij 
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enforced by Nature upon the newly-arrived ram ; 
and they advised Wright to kill the old patriarch 
of his fold, and install the Ancon ram in his place. 
The result justified their sagacious anticipations, 
and coincided very nearly with what occurred to 
the progeny of Gratio Kelleia. The young lambs 
were almost always either pure Ancons, or pure 
ordinary sheepd But when sufficient Ancon 
sheep were obtained to interbreed with one 
another, it was found that the offspring was 
always pure Ancon. Colonel Humphreys, in fact, 
states that he was acquainted with only ‘'one 
questionable case of a contrary nature.” Here, 
then, is a remarkable and well-established 
instance, not only of a very distinct race being 
established saltum, but of that race breeding 
"true” at once, and showing no mixed forms, 
even when crossed with another breed. 

By taking care to select Ancons of both sexes, 
for breeding from, it tlius became easy to establish 
an extremely well-marked race ; so peculiar that, 

^ Colonel Ilumphroys’ statements are exceetlingly explicit on 
this point : — “ When an Ancon owe is impregnated by a com- 
mon ram, the increase rcsemhles wholly cither the ewe or the 
ram. The increase of the common ewe impregnated hy an 
Ancon ram follows entirely the one or the other, without 
blending any of the distinguishing and essential peculiarities 
of both. Freqncnt instances have hapi)enod where common 
ewes have had twins by Ancon rams, when one exhibited the 
cuinplcto marks and features of the ewe, the other of the ram. 
The contrast has been rendered singularly striking, when one 
short-legged and one long-legged lamb, produced at a birth, 
have been scon sucking the dam at the same time.’* — Philoso* 
phical Transactions, 1S13, Pt. I. pp. 89, 90. 
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even when herded with other sheep, it was noted 
that the Ancons kept together. And there is 
every reason to believe that the existence of this 
breed might have been indefinitely protracted ; 
but the introduction of the Merino sheep, which 
were not only very superior to the Ancons in wool 
and meat, but quite as quiet and orderly, led to 
the complete neglect of the now brood, so that, in 
1813, Ooloncl Humphreys found it difficult to 
obtain the specimen, the skeleton of which ivas 
presented to Sir Joseph Banks. We believe that, 
for many years, no remnant of it has existed in 
the United States. 

Gratio Kolleia was not the progenitor of a race 
of six-tiugered men, as Sotli Wright’s ram became 
a nation of Ancon sheep, though the tendcn<^y of 
the variety to perpetmate itself aj)])ears to have 
been fully as strong in the one casci as in tlie 
ot}un% And the reason of the diff(ininc.o is not 
far to sendv. S(^th Wright took carc^. not to W(^aken 
the Ancon hlood by matebing his Ancon ewes 
willi any but males of the same varie.ty, wliilo 
Ora, tie Kolkua’s sons W(ire too far removc^d from 
the ]>atriarchal tilings to ijitermarry wit.h their 
sisters; and his graml-cliildren se<nn not to have 
boon attracted by tlu^ir six*fiugen‘d cousins. In 
other words, in tlui one (txample a racuj was pro- 
duccid, because, for sev(^ral geiuu'ations, care was 
iakem to both ])anjnts of th(j breeding stock 
from aniina-ls exhibiting a boidency to vary in the 
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same direction ; while, in the other, no race was 
evolved, because no such selection was exercised. 
A race is a propagated variety ; and as, by the laws 
of reproduction, offspring tend to assume the 
parental forms, they will be more likely to pro- 
pagate a variation exhibited by both parents than 
that possessed by only one. 

There is no organ of the body of an animal 
which may not, and does not, occasionally, vary 
more or less from the normal type ; and there is no 
variation which may not be transmitted and which, 
if selectively transmitted, may not become the 
foundation of a race. This great truth, sometimes 
forgotten by philosophers, has long been familiar 
to practical agriculturists and breeders ; and upon 
it rest all the methods of improving the breeds of 
domestic animals, which, for the last century, have 
been followed vrith so much success in England, 
Colour, form, size, texture of hair or wool, pro- 
portions of various parts, strength or weakness of 
constitution, tendency to fatten or to remain lean, 
to give much or little milk, speed, strength, tem- 
per, intelligence, special instincts; there is not one 
of these characters the transmission of which is not 
an every-day occurrence wdthin the experience of 
cattle-breeders, stock-farmers, horse-dealers, and 
dog and poultry fanciers. Nay, it is only the other 
day that an eminent physiologist. Dr. Brown- 
Sdquard, communicated to the Royal Society his 
discovery that epilepsy, artificially produced in 
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giiinea-ijipfs, by a means which he has discovered, 
is transmitted to their offspring^ 

Blit a race, once produced, is no more a fixed 
and immutable entity than the stock wlience it 
sprang ; variations arise among its members, and 
as these variations are transmitted like any others, 
new races may be developed out of tlni Y>re-exist- 
ing one ad infinUim, or, at least, within any limit 
at present dotermiiied. Given sufticienfc time and 
sufficiently careful selection, and the multitude of 
races which may .arise from a (‘ommon stock is a.s 
astonishing .as .arc the extniine structural ditlcr- 
onces wliich they nniy pnssent. A rcmfirk.ahlo 
t‘xaiii|>I(5 of Ibis is to b(‘ Ibimd in tln^ rock-pig(‘onj 
whkb Mr. Darwin has, in our <»pinion, satisfactorily 
dt*inousirjt.tc<l to b(‘. th<‘. ]n’ogcuitor of all our 
donnsstic ))ig(M)ns, of which tht‘rc .ans certainly 
nioH' tliaii a huinlrcd w(*l]-markcd The 

auosfr noteworthy of lluise r.act‘S .ani, Ilu5 four groat 
stocks know!J to tin'. fan<*y ” as tumbha-s, pout<*rs, 
eanhu's, and faiitails; birds wdiich not only differ 
most singularly in size, colour, and h.a]>its, but in the 
form <d‘ the be.ak and of tht^ skull : in tlio ju'o- 
portions of the bi^ak to tlui skull ; in tlu‘- number 
of tail-fcatlmrs ; in tln^ ab.soIutcan<l nd.ativij si;?(ii of 
thofcHjt ;in tln^ prt‘s<iiH‘<3 or .absence of tin* uropygial 
gland; in the number of vertebrai in tlie ]>.ack ; 
in sl»ort, in precasely t)n>se ch.aracicrs in which 

^ l<V)rni»ar(j WtsiNniaun’M hJftmifft Upoit, IkreAihj^ 310, €t mp 

imi 
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the genera and species of birds differ from one 
another. 

And it is most remarkable and instructive to 
observe, that none of these races can be shown to 
have been originated by the action of changes in 
wliat are commonly called external circumstances, 
upon the wild rock-pigeon. On the contrary, 
from time immemorial pigeon -fanciers have had 
essentially similar methods of treating their pets, 
which have been housed, fed, protected and cared 
for in much the same way in all pigeonries. In 
fact, there is no case better adapted than that of 
the pigeons to refute the doctrine which one sees 
put forth on high authority, that “no other 
characters than those founded on the development 
of bone for the attachment of muscles’’ are 
capable of variation. In precise contradiction of 
this hasty assertion, Mr. Darwin’s researches 
2>rove that the skeleton of the wings in domestic 
2)igeons has hardly varied at all from that of the 
wild typo ; while, on the other hand, it is in exactly 
those respects, such as the relative length of the 
beak and skull, the number of the vertebrse, and 
the number of the tail-feathers, in which muscular 
exertion can have no important influence, that 
the utmost amount of variation has taken place. 

We have said tliat the following out of the 
properties exhibited by physiological species would 
lead us into difficulties, and at this point they begin 
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to be obvious ; for if, as the result of spontaneous 
variation and of selective breeding, the progeny of 
a common stock may become separated into groups 
distinguished from one another by constant, not 
sexual, morphological characters, it is clear that 
the physiological definition of species is likely to 
clash with the morphological definition. No one 
would hesitate to describe the pouter and the 
tumbler as distinct species, if they were found fossil, 
or if their skins and skeletons were imported, as 
those of exotic wild birds commonly arc — and with' 
out doubt, if considered alone, they are good and 
distinct morphological species. On the other hand, 
they are not physiological species, for they are 
descended from a common stock, the rock-pigeon. 

Under these circumstances, as it is admitted on 
all sides that races occur in Nature, how arc we to 
know whether any apparently distinct animals are 
really of different physiological species, or not, 
seeing that the amount of morphological difference 
is no safe guide ? Is there any test of a physio- 
logical species ? The usual answer of physiologists 
is in the affirmative. It is said that such a test is 
to be found in the phoenomena of hybridisation — 
in the results of crossing races, as compared with 
the results of crossing species. 

So far as the evidence goes at present, in- 
dividuals, of what are certainly known to bo mere 
races produced by selection, however distinct they 
may appear to be, not only breed freely together, 
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but tlie offspring of such crossed races are perfectly 
fertile with one another. Thus, the spaniel and 
the greyhound, the dray-horse and the Arab, the 
pouter and the tumbler, breed together with perfect 
freedom, and their mongrels, if matched with other 
mongrels of the same kind, are equally fertile. 

On the other hand, there can be no doubt that*' 
the individuals of many natural species are either . 
absolutely infertile if crossed with individuals of : 
other species, or, if they give rise to hybrid ' 
oflEspring, the hybrids so produced are infertile 
when paired together. The horse and the ass, 
for instance, if so crossed, give rise to the mule, . 
and there is no certain evidence of offspring ever ^ 
having been produced by a male and female : 
mule. The unions of the rock-pigeon and the 
ring-pigeon appear to be equally barren of result, ; 
Here, then, says the physiologist, we have a means 
of distinguislung any two true species from any 
two varieties. If a male and a female, selected 
from each group, produce offspring, and that off- 
spring is fertile with others produced in the same 
way, the groups are races and not species. If, on ^ 
the other hand, no result ensues, or if the offspring 
arc infertile with others produced in the same 
way, they are true physiological species. The 
test would be an admirable one, if, in the first 
place, it were always practicable to apply it, and 
if, in the second, it always yielded results suscep- 
tible of a definite interpretation. Unfortunately, 
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in tlio great majority of cases, tliis touclisione for 
species is wholly inap 2 )lical)lo. 

^Jlio coiistiiutioii of many wild animals is so 
altered l>y coiifinemeut that they will not breed 
even with their own females, so that the negative 
results obtained from crosses arc of no value; and 
the antipathy of wild animals of different species 
for one anotlier, or even of wild and tame members 
of tlic same species, is ordinarily so gn‘at, tliat it 
is hopedess to look for such unions in Nature. 
The liermaidirodisin of most ])lan{s, tlio difficulty 
in the way of insuring the absence of their own 
or the ])ropei’ working of other ])ollen, are obsta- 
cles of no ItJSH magnitude in applying tlio test to 
tlumn And, in both animals and 2 )lants, is super- 
a<ldod the further difficulty, that (ixi)erimonts 
mustlx^ (!oniinu(‘d over a longtinui for tlie purpose 
of as<t(*rtaiuTiig th(3 hu'tility of the inougrel or 
hyl)rid ])rogeny, as well as of the iirst crosses from 
which they sj>ring. 

N(it only do tlu^se great practical diffic;altic‘S lie 
in the way of a])plyiug the hylnadisatiou test, but 
cv(‘u when this oratde can be ({uestioned, its roplit^s 
are somcdimcjs as doubtful as tlioso of Delphi. 
For example, cas(^s are (jit(jd by Mr. Darwin, of 
jdauts which arc more fertile with the pollen of 
another species than with their own ; and there 
an3 otlnn’S, such as certain Fitoi, the male element 
of which will fertilise the ovule of a plant of 
distinct species, while the males of the latter 
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species are ineffective with, the females of the 
first. So that, in the last-named instance, a 
physiologist, who should cross the two species in 
one way, would decide that they were true species; 
while another, who should cross them in the 
reverse way, would, with equal justice, according 
to the rule, pronounce them to be mere races. 
Several plants, which there is great reason to 
believe are mere varieties, are almost sterile when 
crossed; while both animals and plants, which 
have always been regarded by naturalists as of 
distinct species, turn out, when the test is applied, 
to be perfectly fertile. Again, the sterility or 
fertility of crosses seems to bear no relation to the 
structural resemblances or differences of the 
members of any two groups. 

Mr. Darwin has discussed this question with 
singular ability and circumspection, and his con- 
clusions are summed up as follows, at page 276 of 
his work : — 

“ First crosses between forms sufficiently distinct to bo ranked 
as species, and their hybrids, are very generally, but not 
universally, sterile. The sterility is of all degrees, and is often 
so slight that the two most careful experimentalists who have 
ever lived have come to diametrically opposite conclusions in 
ranking forms hy this test. The sterility is innately variable 
in individuals of the same species, and is eminently susceptible 
of favourable and unfavourable conditions. The degree of 
sterility does not strictly follow systematic ahinity, hut is 
governed by several curious and complex laws. It is generally 
different and sometimes widely different, in reciprocal crosses 



THE ORIGIN OE SPECIES 


II 


4S 


l)otwf*on the same two species. It is not always e^ual in degree 
in a first cross, and in the liyhri<l i»ro(liicc(l from tliis cross. 

“In the same manner as in grafting trees, the capacity of 
one Hpocies or varitdy to take on another is incidental on 
generally unknown differences in their vegetative systems ; so 
in crossing, the greater or less facility of one species to unite 
with another is incidental on unknown differences in their 
re[)rochiclivG systems. There is no more reason to think that 
species have been specially endowed with various degrees of 
sterility to prevent tlierii crossing and breeding in Nature, than 
to think that trees have l)e(ju sjKicially endowed with various 
and somewhat analogous degrees of didieuUy in being grafted 
together, in onhu' to prevent them becoming inarched in our 
forests. 

“The sterility of first crosses lietweon pure s])ecies, which 
have tlnnr reproductive systems jierfei't, seems to depend on 
several cirininistam^es ; in some cases largely on the early death of 
th(' embryo. The sterility of hybrids whi(‘h have their repro- 
(luci-ive systems iinp(*rfeet, and wdiich have had this system 
and ih(‘ir whole organisation disturbed hy being compounded 
(»f two distinct .s}>cei(‘s, seems closely allii‘(l to that sterility 
which so friMpieiitly afle<*ts pure species when their natural con- 
ditions of H(e have been disturbed. This view is supported hy 
a ]>arallclisin of anotlier kind : naimdy, that the. crossing of 
forms, only slightly dilfenuit, is favouralde to the vigour and 
fertility of the offsiiring ; and that slight (dianges in the con- 
<IUions of life are ap])urently favourable to tlui vigour and 
fertility of all organic bidngs. It is not surprising that the 
<i(‘gret{ of tlitUculty in uniting two species, and the d<»groe of 
sterility of th(*ir hybrid offspring, should generally correspond, 
though tlue to distinct {!auHe..s ; for both <l(‘p(*nd on tlie amount 
of diirercn(*e of some kind between the species which are crossed. 
Nor is it surprising that the facility of efleiding a first cross, 
the fertility of liy]>n<is produced from it, and the caj>acity of 
being grafted together — though this latter capacity evidently 
dejicndH on widely difTorent circumstances— -should all nui to a 
certain extent parallel with the systematic aflinity of the forms 
which are subjected to experiment ; for systematic affinity 
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attempts to express all kinds of resemlblaiice between all 
species. 

“First crosses between ibrms known to be varieties, or 
snlficiently alike to be considered as varieties, and tlieir mon- 
grel offspring, are very geneially, but not quite universally, 
fertile FTor is this nearly general and perfect fertility sur- 
prising, when we remember how liable w^e are to argue in a 
circle with respect to varieties in a state of Nature ; and when 
we remember that the greater number of varieties have been 
produced under domestication by the selection of mere external 
differences, and not of differences in the reproductive system. 
In all other respects, excluding fertility, there is a close general 
resemblance between hybrids and mongi’els.” — Pp. 276—8. 

We fully agree witli tlie general tenor of this 
weighty passage ; but forcible as are these argu- 
ments, and little as the value of fertility or 
infertility as a test of species may be, it must not 
be forgotten that the really important fact, so far 
as the inquiry into the origin of species goes, is, 
that there are such things in Nature as groups of 
animals and of plants, the members of which are in- 
capable of fertile union with those of other groups ; 
and that there are such things as hybrids, whicli 
are absolutely sterile when crossed with other 
hybrids. For, if such phsenomena as these were 
exhibited by only two of those assemblages of 
living objects, to which the name of species 
(whether it be used in its physiological or in its 
morphological sense) is given, it would have to be 
accounted for by any theory of the origin of 
species, and every theory which could not account 
for it would be, so far, imperfect. 

VOL. IX E 
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U]) to this point, wc have been dealing with 
matters of fact, and the statements which we 
liave laid before the reader wonld, to the best of 
our knowledge, be admitted to contain a fair 
exposition of what is at present known respecting 
the essential properties of species, by all who 
have studied the question. And whutever may 
be his theoretical views, no naturalist will prob- 
ably be disf)osed to demur to the following 
suiuinary of that exposition : — 

Living beings, wliether animals or plants, are 
divisible into nmltitudi^s of distinctly definable 
kinds, which are morphological species. They are 
also divisihic into gT<jnps of individuals, which 
breed freely together, tending to reproduce their 
like, and are jdiysiologiiial species. Normally 
res(unl)ling their jKiniuts, the oftsjiring of members 
of th<‘st{ siHicies are still liable to vary ; and the 
variation may hci perpetuated by selection, as a 
race, whicdi race, in many cases, jirosents all the 
chara<iteristics of a morphological sjiecics. But 
it is not as y(‘t proved that a race ever exhibits, 
when crossed with another race of the same 
speci<?H, those pluenomeua of hybridisation which 
are exhibited by many species when crosscid with 
oilier species. On the other han<l, not only is it 
not ])rov(‘d that all species give rise to hybrids 
iufiirtilc •hitco' se, but there is much reason to 
believe that, in crossing, spocios exhibit every 
gradation from perfect sterility to perfect fertility. 
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Such arc the most essential characteristics of 
species. Even were man not one of them — a 
member of the same system and subject to the 
same laws — the question of their origin, their 
causal connexion, that is, with the other phieno- 
meiia of the universe, must have attracted his 
attention, as soon as his intelligence had raised 
itself above the level of his daily wants. 

Indeed history relates that such was the case, 
and has embalmed for us the speculations upon 
the origin of living beings, which were among the 
earliest products of the dawning intellectual activity 
of man. In those early days positive knoAvledge 
was not to be had, but the craving after it needed, 
at all hazards, to be satisfied, and according to the 
country, or the turn of thought, of the speculator, 
the suggestion that all living things arose from the 
mud of the Nile, from a primeval egg, or from some 
more anthropomorphic agency, afforded a sufficient 
resting-place for his curiosity. The myths of 
Paganism are as dead as Osiris or Zeus, and the 
man who should revive them, in opposition to the 
knowledge of Our time, would be justly laughed to 
scorn ; but the coeval imaginations current among 
the rude inhabitants of Palestine, recorded by 
writers whose very name and age are admitted by 
every scholar to be unknown, have unfortunately 
not yet shared their fate, but, even at this day, are 
regarded by nine-tenths of the civilised world as 
the authoritative standard of fact and the criterion 

E 2 
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of iliG justice of Hcieiitilic conclusions, in all tluit 
relates to the origin of things, and, among them, 
of species. In this nineteenth century, as at the 
dawn of mc^lcrn physical science, the cosmogony 
of the semi-barbarous Hebrew is the incubus of 
the philosopher and the opprobrium of the ortho- 
dox, Wlio shall number tlic patient and earnest 
seekers after truth, from the days of Galileo until 
now, whos(^ lives have been embittered and their 
good name blasted ])y the mistaken zeal of Biblio- 
laters? Who sliall count the host of wcaiker men 
whos(i sense of truth has been destn^yed in the effort 
to liannoiiist^ impossibilities — whose iifj has been 
wastial in the attempt to lor(‘o th({ generous new 
wine of Sei(ince into the old bottl(‘S of Judaism, com- 
pelled hy the ouhjry of the same strong party ? 

Jt is tnu^that ifi)lulosoph(U’s have suffered, their 
cause Inis h(‘(‘n amply av(mg(‘d. Extinguislu‘d 
tlieologhuis lie about th(j cradle of evitry science as 
tlui sl.ranglcd snakes beside that of Jlenailes ; and 
history records that wh(mev<‘r sci(‘n(i<3 and ortho- 
doxy have lKi(‘n fairly opposed, tint latter has been 
forced to riitire from the lists, hkaallngaml crushed 
if not annihilated ; scotelujd, if not slain. But 
orthodoxy is the Bourbon oftluj world of thought. 
It h^arns not, mother can it forget; and though, 
at pr<‘sent, })ewildered ami afrai<l to move, it is as 
willing as ever to insist that the first chapter of 
Genesis contains the Ixiginning and the end of 
sound science; and to visit, with such petty 
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thunderbolts as its half-paralysed hands can liurl, 
those who refuse to degrade Nature to the level of 
primitive Judaism. 

Philosophers, on the other hand, have no such 
aggressive tendencies. With eyes fixed on the 
noble goal to which per aspera et ardua they 
tend, they may, now and then, be stirred to 
momentary wrath by the unnecessary obstacles 
with which the ignorant, or the malicious, encum- 
ber, if they cannot bar, the diflScult path ; but why 
should their souls be deeply vexed ? The majesty 
of Fact is on their side, and the elemental forces 
of Nature are working for them. Not a star comes 
to the meridian at its calculated time but testifies 
to the justice of their methods — their beliefs are 
“ one with the falling rain and with the growing 
corn.'’ By doubt they are established, and open 
inquiry is their bosom friend. Such men have no 
fear of traditions however venerable, and no respect 
for them when they become mischievous and 
obstructive ; but they have better than mere anti- 
quarian business in hand, and if dogmas, which 
ought to be fossil but are not, are not forced upon 
their notice, they are too happy to treat them as 
non-existent. 

The hypotheses respecting the origin of species 
which profess to stand upon a scientific basis, and, 
as such, alone demand serious attention, are of two 
kinds, The one^ the ‘‘ special creation ” hypothesis. 
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Iiresuines every spocii^H to have originated from one 
or more stocks, those not being the result of the 
modification of any other form of living matter — or 
arising l)y natural agencies — but being produced, 
as such, by a supernatural creative act. 

The otlnu’, the so-called '' transmutation 
liypothesis, cf>nsi<l(TS that all existing sjiocies are 
tlio result of the modification of pre-existing 
spicies, an<l those of their predecessors, hy agencies 
siniihu* to those 'which at the jmjsent day jiroduce 
varieties and rac(‘S, and thm*efor(‘, in an altog(‘thor 
natural way; .‘ind it is a ])robabh^ though not a 
necessary consequtuiccj of this hypothesis, that all 
living beings havci ariscui from a single stock. 
With v(‘spe(t to tli(‘ origin of Ihis primitive stock, 
or stocks, the doctrim^ of th<i origin of species is 
obviously not ru!(«*,ssarlly c.oncf*ni(‘d. Tlui trans- 
nuitaiiou hypothesis, for example, is ])erfectly 
consistmit (iithor with (he conception of a special 
cre.ation of ihe primitive germ, or with the 
supposition of its having arisiui, as a modification 
of iaorgani(i matfiu*, by natural causes. 

Th(i (loctriiKi of sjHuual cr(‘atiou ow('-s its exist- 
<mce v<uy largely to iha suj^posed n(‘(u^ssity of 
making semauH} a('(Jord with tins Hebrew cos- 
mogony; luit it is (oirious to observci that, as the 
(loi^trine is at presemi maiutaine<l by men of 
sci<‘nct^, it is as hojich^ssly inconsisUuit with the 
ll(^br(»w view as any other liypothesis. 

If there be any result whicli has come more 
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clearly out of geological investigation than another, 
it is, that the vast series of extinct animals and 
plants is not divisible, as it was once supposed to 
be, into distinct groups, separated by sharply- 
marked boundaries. There are no great gulfs 
between epochs and formations — no successive 
periods marked by the appearance of plants, of 
water animals, and of land animals, cn masse. 
Every year adds to the list of links between 
what the older geologists supposed to be widely 
separated epochs : witness the crags linking the 
drift with older tertiaries ; the Maestricht beds 
linking the tertiaries with the chalk; the St. 
Cassian beds exhibiting an abundant fauna of 
mixed mesozoic and palaeozoic types, in rocks of an 
epoch once supposed to be eminently poor in life ; 
witness, lastly, the incessant disputes as to whether 
a given stratum shall be reckoned devonian or 
carbonifero\is, silurian or devonian, cainbrian or 
Silurian. 

This truth is further illustrated in a most 
interesting manner by the impartial and highly 
competent testimony of M. Pictet, from whose 
calculations of what percentage of the genera of 
animals, existing in any formation, lived during 
the preceding formation, it results that in no case 
is the iDrojiortion less than onc4Mnl, or 33 per 
cent. It is the triassic formation, or the com- 
mencement of the mesozoic epoch, which has 
received the smallest inheritance from preceding 
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ages. The other formations not uncommonly 
exhibit 60, 80, or even 94 per cent, of genera in 
common with those whose remains arc imbedded 
in tlicir predecessor. Not only is this time, but 
the subdivisions of each formation exhibit now 
species characteristic of, «n,nd found only in, them ; 
and, in many cases, as in the lias for example, the 
separate btuls of tbeso subdivisions arc distin- 
guislied by well-marked and peculiar forms of life. 
A se(‘dion, a hundred feet thick, will exhibit, at 
dififereut heights, a dozen species of ammonite, 
none of which passes be.yond its particular zone 
of limestone, or clay, into tlie zone below it or into 
that above it; so that those who adopt the doc- 
trine of si)e<ual cr(‘atiou must bo prepared to admit, 
that a,t intervals of time, corrcs]>onding with the 
thickness of these In^ds, the Creator thought lit 
to interfere with the natural course of events for 
the purpose of making a new aminouito. It is 
not easy to transplant oneself into the frame of 
mind of those who can acempt such a conclusion 
as this, on any evidence short of absolute demon- 
stration; and it is difficult to st^.o wluxt is to be 
gained by so doing, since, as \vt^ bavc said, it is 
obvious that; such a view of tlu^ origin of living 
})(sngs is utUrly opposiid to the Ihdmnv cos- 
mogony. l)(^s<rving no aid front thtj powerful 
arm of l^ibliolatry, then, does tli(i rooeiv(id form of 
the hypothesis of special creation derive any 
support, froiti scienco ur sound logic ? Assuredljr 
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not mucli. The arguments brought forward in its 
favour all take one form : If species were not 
supernaturally created, we cannot understand the 
facts X, or jf, ot z; we cannot understand the 
structure of animals or plants, unless we suppose 
they were contrived for special ends ; we cannot 
understand the structure of the eye, except by 
supposing it to have been made to see with ; we 
cannot understand instincts, unless we suppose 
animals to have been miraculously endowed with 
them. 

As a question of dialectics, it must be admitted 
that this sort of l easoning is not very formidable 
to those who arc not to be frightened by conse- 
quences. It is an argumentum ad, ignoo^aiitiam — 
take this explanation or be ignorant. But suppose 
we prefer to admit our ignorance rather than 
adopt a hypothesis at variance with all the teach- 
ings of Nature ? Or, suppose for a moment we 
admit the explanation, and then seriously ask 
ourselves how much the wiser are we ; what does 
the explanation explain ? Is it any more than a 
grandiloquent way of announcing the fact, that we 
really know nothing about the matter ? A 
phsenomenon is explained when it is shown to be 
a case of some general law of Nature ; but the 
supernatural interposition of the Creator can, by 
the nature of the case, exemplify no law, and if 
species have really arisen in this way, it is absurd 
to attempt to discuss their origin. 
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Or, lastly, let us ask ourselves wlietlicr any 
amount of evidence wliich tlie nature of our 
faculties permits us to a.ttain, can justify us in 
asserting that any pliamomenon is out of the reach 
of natural cauvsation. To tljis end it is obviously 
necessary that wo should know all the con- 
sequences to which all ])Ossil)lo combinations, 
coiiiiinuid through unlimited tinu^., can give rise. 
If w(^ knew theses, and found none competent to 
origiuahi spiuMes, wo should liav(‘, good ground for 
d(‘uyirig ih(ur origin by na-tund causation. Till 
wo know tlxun, any liypotluusis is be.tter than one 
wliich iiJV(tlvos us in such miserable presumption. 

Jhit the. hy])oihesis of sp(‘(na] (mation is not 
only a iiKU’e spt‘(^ious nia.sk for our ignorance; its 
(^xisk‘.n<H‘ in lliology marks th(^ yoiii.h and imper- 
f(‘.c.tiou of the scioiau*. For what is the history of 
evtay science l)ut Ihc^ history of tlui elimination 
of tla*. Jiotion of (‘reaiivi*., or other intcu’fiirenccs, 
witli tli<J natural onku* of tlu*. phamomena which 
an*, ilu^ subje(*.t.-inatt(*r of tha-t sci<^nce? When 
Astronomy was young ‘Mh<^ morning stars sang 
tog(tth<*r f<»r joy,'' an<l ilm ]>lan<d.s were guided 
ill th(‘ir <u)urs(.‘.s hy cchistial hands. Now, the 
lianuony of the stars lias resolved itself into 
gravitation according to the invm’se squares of the 
distaiuuss, ami the orbits of tlu^ phuuds are dedu- 
cibltt from the. laws of the for(U‘S which allow a 
schoolboy's stonii to break a window. The light- 
uing was the angel of the Lord; but it has pleased 
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Providence, in these modem times, that science 
should make it the humble messenger of 3nan, and 
•we know that every flash that shimmers about 
the horizon on a summer s evening is determined 
by ascertainablo conditions, and that its direction 
and brightness might, if our knowledge of these 
were great enough, have been calculated. 

The solvency of great mercantile companies 
rests on the validity of the laws wliicli have been 
ascertained to govern the seeming iiTOgularity of 
that human life which the moralist bewails as the 
most uncertain of things ; plague, pestilence, and 
famine are admitted, by all but fools, to bo the 
natural result of causes for the most part fully 
within human control, and not the unavoidable 
tortures inflicted by wrathful Omnipotence upon 
His helpless handiwork. 

Harmonious order governing eternally continu- 
ous pi'ogress — the web and woof of matter and 
force interweaving by slow degrees, without a 
broken thread, that veil which lies between us 
and the Infinite — that universe which alone wo 
know or can know; such is the picture which 
science draws of the world, and in proportion as 
any part of that picture is in unison with the rest, 
so may we feel sure that it is rightly painted. 
Shall Biology alone remain out of harmony with 
her sister sciences ? 

Such arguments against the hypothesis of the 
direct creation of species as these are plainly 
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enough deducible from general considerations ; but 
there are, in addition, plia3nomena exhibited by 
species themselves, and yet not so much a part of 
tlicir very essenco as to have rc(|iiired earlier 
mention, which are in tlie highest degree per- 
plexing, if wo adopt the pojndarly accepted 
liyi)otliesis. Such arc the fac'ts of distribution in 
space and in time; the singular pluenomena 
lu’onglit to light by the study of dev(‘-lopment ; 
tlio structural relations of species ui)ori which our 
systcuns of classification are founded ; the great 
(loctrin(‘.s of jdiilosopliical anatomy, such as 
tliat of homology, or of the comniuuity of 
slruetnral plan oxliibited ])y larg<i groups of 
sp(?cies diftering very widely in tlunr habits and 
functions. 

The species of animals which inhabit the sea on 
opposite sides of tlie isthmus of Panama are 
wliolly distinct;^ the animals and ])Iants which 
inhabit islands an? ccunmonly distinct from those 
tlic TKiighbouring mainlands, and y(*-t have a 
similarity of aspect. The mammals of the latest 
tcjrtiary epoch in the Old and Now Worlds belong 
to the sanui gtuujra, or family groups, as those 
which now inluibit the same gn^at geographical 
a.r(‘a. Thocroccxlilian n^ptilcis whicli exisbid in the 
earlu^st secomlary ejKxdi wore similar in geiuTal 
stnuiture to those now living, }>ut exhibit slight 

* i<*nd to fjliow that lhi« Htutemoiit ia 

wot .strictly u(*<airatf‘.- “ISTO, 
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differences in their vertebra), nasal passages, and 
one or two other points. The guinea-pig has 
teeth which are shed before it is born, and hence 
can never subserve the masticatory purpose for 
which they seem contrived, and, in like manner, 
the female dugong has tusks which never cut the 
gum. All the members of the same great group 
run through similar conditions in their develop- 
ment, and all their parts, in the adult state, are 
arranged according to the same plan. Man is 
more like a gorilla than a gorilla is like a lemur. 
Such are a few, taken at random, among the 
multitudes of similar facts which modern research 
has established ; but when the student seeks for 
an explanation of them from the supporters of 
the received hypothesis of the origin of species, 
the reply he receives is, in substance, of Oriental 
simplicity and brevity — "‘Mashallah ! it so pleases 
God ! There are different species on opposite 
sides of the isthmus of Panama, because they were 
created different on the two sides. The pliocene 
mammals are like the existing ones, because such 
was the plan of creation ; and we find rudimental 
organs and similarity of plan, because it has 
pleased the Creator to set before Himself a 
“ divine exemplar or archetype,*' and to copy it in 
His works ; and somewhat ill, those who hold this 
view imply, in some of them. That such verbal 
hocus-pocus should be received as science will one 
day be regarded as evidence of the low state of 
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iutclligencG in tlic nineteenth century, just as 
we amuse ourselves with the phrasecjlogy about 
Nature’s abhorrijneo of a vacuum, wherewith 
Torricellis compatriots were satislied to explaiii 
1 ho rise of water in a pump. And bo it recol- 
lected tliat this sort of satisfaction works not only 
negative but ])ositive ill, by discouraging imiuiry, 
and so (hipriving man of the usufruct of one of the 
iiiost fertile iicids of Ids great patrimony. Nature. 

The (Ejections to the doctrine of the origin of 
sp(i<n(‘.s l)y special creation whicdi have been 
dctail(id, must have ocnirnid, with more or less 
for(‘c, to the mind of cwcu’y one who hjis seriously 
iuid iud(ip(*iiid(‘ntly considered the su})j(‘ct. It is 
thcrefons no woiuhu* that, from time to time, this 
liypoHi(*sis should have been nnd hy <*ounter 
hypolh(‘S(‘H, all a<s w<‘lh and sonui htdier found(‘d 
tlinji iis(dt'; and it is curious to remark that tla^ 
iuvimtors oF tlui opposing vie.wsseein loliave hoim 
It*d into them a-s mu(?h hy their kuowl(‘dge of 
geology, us ]>y th(‘ir acquaintamai with Ihology. 
Jn fa<*.t, wlum the mind has ou(‘o admitted the 
conci^ption of the gradual pnMliuition of t]u‘ px*osent 
physi<^al state of our glohe, l)y natural caus(‘S 
op(*rating throiigh long ages of time, it will he 
litthi disposx^d to allow that living beings have 
madci their appearaiuu^ in anotluu* way, and the 
spiiculations of I)e Mailhd ami his sncjcessors arc 
th(3 natural eomphmmnt of Hcilla's demonstration 
of the true nature of fossils. 
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A eontemporary of Newton and of Leibnitz, 
sharing therefore in the intellectual activity of the 
remarkable age which witnessed the birth of 
modern physical science, Benoit de Maillet spent 
a long life as a consular agent of the French Gov- 
ernment in various Mediterranean ports. For 
sixteen years, in fact, he held the office of Consul- 
General in Egypt, and the wonderful phenomena 
offered by the valley of the Nile appear to have 
strongly impressed his mind, to have directed his 
attention to all facts of a similar order which came 
within his observation, and to have led him to 
speculate on the origin of the present condition of 
our globe and of its inhabitants. But, with all 
his ardour for science, De Maillet seems to have 
hesitated to publish views which, notwithstanding 
the ingenious attempts to reconcile them with the 
Hebrew hypothesis contained in the preface to 
Telliamed,” were hardly likely to be received 
with favour by his contemporaries. 

But a short time had elapsed since more than 
one of the great anatomists and physicists of the 
Italian school had paid dearly for their endeavours 
to dissipate some of the prevalent errors ; and 
their illustrious pupil, Harvey, the founder of 
modern physiology, had not fared so well, in a 
country less oppressed by the benumbing in- 
fluences of theology, as to tempt any man to foUow 
his example. Probably not uninfluenced by these 
considerations, his Catholic m^esty^s GonshL 
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(Uiiua-al for Egyj)fc kept liis tlioorios to liimsclf 
tliron;^^hoiit a ] Ho, for “ TolliaiiKMl,” the only 
sciontitic \vork which is known to have proceeded 
from Ills 2^en, was not printed till l 73 o, when its 
author liad X’oach(M.l the ripe age of seventy-nine ; 
and thougk ])e Ahullet lived three years longer, 
his hook was not given to thti world before 17418. 
Kv(‘u ihon it was anonymous to those win) Avere 
no(, in tlie s<‘crot of the anagram matic character 
of its title; an<l the jn'eface and dedication are so 
wonhsl as, in cast^ of n(‘c<%sity, to give the i>riuter 
a fair ( 4 iauce of falling back o!i the excuse that 
the work was intended for a inmsjm (Ve^ap^it, 

Th<‘ S|)<‘(‘tilations of the su])positious Indian 
!;ngo, (hough ([uite as sound as those of many a 
“Mosaic (icology,” which scdls (ixceedingly well, 
hav(,‘ no great value if wc. cousidtir them by the 
light of miHlcni s<dcn<;e. 'Idie waters are supjxosed 
to hav(‘ originally covercnl the whole globe; to 
havt^ d 4 ‘poslti‘d t.lui rocky niasstvs which compose 
its mountains l)y ]>ro(Hssscs (Munj^trablo to those 
whi<di urt‘. now forming mud, sand, and shingle ; 
and thou to have gradually lowered their level, 
ItN'tviug ihi^ spoils of tht*ir animal and vegetable 
inliahitauts cmlH‘ddt«l in the strata. As the dry 
land appearoil, (a*riaiu of the atpiatiij animals are 
supposvul to have lakcm h) it, and to have become 
gnwlually atlajjUjd to terrestrial and aerial modes 
of <^xisten<;f‘. Btifc if we n^gard the general tenor 
and style of tlu? nnisoning in rtdatiou to the state 
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of knowledge of the day, two circumstances 
appear very well worthy of remark. The first, 
that De Maillot had a notion of the modifiability 
of living forms (though without any precise 
information on the subject), and how such modi- 
fiability might account for the origin of species ; 
the second, that he very clearly apprehended the 
great modem geological doctrine, so strongly 
insisted upon by Hutton, and so ably and 
comprehensively expounded by Lyell, that wo 
must look to existing causes for the explanation 
of past geological events. Indeed, the following 
passage of the preface, in which De Maillet is 
supposed to speak of the Indian philosopher 
Telliamcd, his alter ego, might have been written 
by the most philosophical uniformitarian of the 
present day : — 

‘ * Ce (jii’il y a d'etoiiiiant, est que iiour arriver h ces coiuiois- 
sances il seiiible avoir pervorti Torclro naturcl, puisqii'au liexi do 
s’attaclier d’abord k roclier(*her Toiigiue do notre globe il a 
commence par travailler a s’instmire do la nature. Mats k 
Tentendre, ce renversement do Pordre a ete pour liii Tofiet d’un 
genie favorable qiii Pa conduit pas a pas et comme par la main 
aux decouvertes les plus sublimes. C’est en decomposant la 
substance de ce globe par uno anatomic exacte do toutes ses 
parties qu’il a premierement appris de quelles matieres il etait 
compose ot quels arrangemens ces mSmes matieres observaient 
entre elles. Ces lumih'es jomtes a Pesprit de comparaison 
toujours n^cessaire k quiconque entreprend de perccr les voiles 
dont la nature aiine 5. so caclier, ont servi de guide k notre 
pbilosophe pour parvonir k des connoissances plus interessantes. 
Par la matiere et ^arrangement de ces compositions il pretend 
VOL. IT F 
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General for Egypt kept his theories to liiinself 
throughout a long life, for Telliamo< 1/* the only 
scientific work which is known to have proceeded 
from his pen, was not printed till 1735, when its 
author had reached the ripe age of soventy-uinc ; 
and though De Maillet lived three yeai's longer, 
his book was not given to the world before 1748. 
Even then it was anonymous to tho^je who wore 
not in the secret of the anagramniatic cluiractor 
of its title; and the preface and dedication are so 
worded as, in case of necessity, to give the 2 )riut('r 
a fair chance of falling back on the excuse tliat 
the work was intended for a movQjeu d!cs 2 Jni, 

The speculations of the sui^ijositious Iiulian 
sage, though quite as sound as those of many a 
''Mosaic Geology, which sells exceedingly W(‘ll, 
have no great value if wo consider tlieiu by the 
light of modern science. The waters are supj)ose<i 
to have originally covered the whole globe; to 
have deposited the rocky masses wliich compose 
its mountains by processes comparable to those 
which are now forming mud, sand, and shingle ; 
and then to have gradually lowered their level, 
leaving the spoils of their animal and vtsgetahhi 
inhabitants embedded in tlie strata. As the dry 
land appeared, certain of the aquatic animals are 
supposed to have taken to it, and to have become} 
gradually adapted to terrestrial and alhial motles 
of existence. But if we regard the general tenor 
and style of the reasoning in relation to the HtaUj 
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of knowlodgo of tlie day, tAvo circumstances 
appear very well worthy of remark. The first, 
that De Maillot had a notion of the modifiability 
of living forms (though without any precise 
information on the subject), and liow such modi- 
fiability might account for tlio origin of sjjecics ; 
the second, that he very clearly apprehended the 
groat modern geological doctrine, so strongly 
insisted upon by Hutton, and so ably and 
comprehensively expounded by Lyell, that we 
must look to existing causes for the explanation 
of past geological events. Indeed, the following 
passage of the pridacjo, in which Do Maillot is 
suppos<ul to speak of the Indian philosopher 
Tellianu‘d, his (dtn ego, might liavo been written 
by tlui most philosophical uniformitariau of the 
present day : — 

** C(< <pfil y u owl (|U(i ]>oiu’ arrivur h cqh coimois- 

.saiu’CH il avoir pervorf i I’ordro natural, ]»iiis<pi’au li<ai <1(» 

H’attacluT (ra]><)nl si niclKU'clic.r I’ongiiio do iiotre globo il a 
t'oniinciKU* par travaillor si s'liistniire do la nature. Msiis a 
roi'itendrc, m rouvcrscioout do Tordre a otd pour lui rtjfTct d’un 
genie favoraldo (pii Pa t ouduit psis h i>si.s <*t coinme par la main 
SUI.X d<k*.ouv(U’tes Ics plus sublimes. O’est cn decomposant 3a 
substauco do (je globe par uuc anatomic exaete do toutos ses 
parties <pi’il a premieremeut sippris do (piclbis mati??res il dtait 
c'ompose (^t quels arrsiugomons ecs menu's matieres obsorvaient 
outre (dies. ('OS lumiferes joiiitos si I’csprit do compaiaison 
toujours necOHsairo h quiconquo ontro])rend <lti poroor les voiles 
dout la luituro aiuio k s<^ eacdier, out servi do guide h, notro 
philosophe. pour parvonir h, des coimoissancos plus int^rossantes. 
Par la matitre ot Vn-mingomont do ces compositions il pretend 
VOb. rr F 
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avoir roconiiu qucllo est la veritable ovi^ino ilcco /:^Io]»c qiit! iu)Ub 
habitons, commont ct par qni il a etc ronae.” — Vp. six. xx. 

But De Maillet was before liis age, as could 
hardly fail to happen to one who spcculatiKl oii a, 
zoological and botanical question before Liuiiaais, 
and on a physiological probloni before Haller, lie 
fell into great errors here and there ; and lu‘nc<^, 
perhaps, the general neglect of liis work. Kohiuol/s 
speculations are rather heliind, tliaii in advance 
of, those of Do Maillot; and thougli Liniifous 
may have played with the hy]>otheHis of i.raius- 
mutation, it obtained no serious support until 
Lamarck adopted it, and advocated it with gn^at 
ability in his '‘Philosopliic Zoologiqm^.” 

Impelled towards the hypothesis of th(} 
transmutation of species, ])artJy by his general 
cosmological and geological views; partly by ihes 
conception of a graduated, thougli irrogula-rly 
branching, scale of being, wliieli ha(i ari.s(*u out of 
his profound study of plants and of tlu>. lower 
forms of animal life, Lamarck, whoso goiKTal 
of thought often closely resomhles tliat of J)o 
Maillet, made a groat advance upon the (jrud(? 
and merely speculative manner in whicli that wrihT 
deals with the qxxestion of the origin of Jiving 
beings, by endeavouring to find jdiysical (‘aus(‘s 
competent to effect that change of one sp<‘cieH 
into another, which Do Mailhd Imd only supposeni 
to occur. And Lamarck conceived that Ikj liad 
found in Nature such causes, amply sufiiciout for 
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tlio iHirposc in view. It is a pliysiological fact, i 
ho says, that organs arc in creased in size by 
action, atrophied by inaction ; it is another 
physiological fact that modifications produced are 
transmissible to offspring. Change the actions of 
an animal, therefore, and you will change its 
structure, by increasing the development of the 
parts newly brought into use and by the diminu- 
tion of those less used; but by altering the 
circumstances which surround it you will alter its 
actions, and hence, in the long run, change of 
circumstance must produce change of organisation. 
All the species of animals, therefore, are, in 
Lanic'u'ck’s view, the result of the indirect action 
of changes of circumstance, upon those primitive 
germs which he considered to have originally 
arisen, by spontaneous generation, within the 
waters of the globe. It is curious, however, that 
Lamarck should insist so strongly ^ as he has done, 
that circumstances never in any degree directly 
modify tlic form or the organisation of animals, 
but only operate by changing their wants and 
consofinently their actions ; for ho thereby brings 
upon himself the obvious question, How, then, do 
plants, which cannot bo said to have wants or 
actions, become modified? To this ho rephes, 
that they are modified by the changes in their 
nutritive processes, which arc effected by changing 
circumstances; and it does not seem to have 

^ kSoo Ph il, Zoolocfifimi vol. i. p. 222, ct seq, 

F 2 
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occurred to liim tliat such changes might ho as 
well supposed to take place among animals. 

When we have said that Lamarck felt that 
mere speculation was not the way to arrive at tlie 
origin of species, but that it was necessary, in 
order to the ostahlislnnont of any sound theory 
on the subject, to discover by observation or 
otherwise, some wa eanm, competent to giv(^ rise 
to them; that he affirmed the true onhu' of 
classification to coimnde, with tlio orchu* of their 
development one from anotluT; iliat he insisted 
on tlic necessity of alhnviug sufiici^uit tiling vuay 
strongly ; and that all th(i varieties of instinct a.n<l 
reason were traced hack by him to the sanm 
cause as that which has given rise to spcjcies, we 
liavc cnumerat<}d his clu'ef coutributiiuis to tl]<i 
advance of the (piestiou. On ilio other l»an<l, 
from his ignoraiKJo of any ])ow(}r in Naf.unj 
competent to modify the stniciunt of animals, 
except the dcwelopmeut of parts, or atrophy of 
them, in conscKpumco of a change ol* net^ds, 
Lamarck was led to attach iniiuitely greai.cu* 
weight than it deserves to this agency, and the 
absurdities into which he was led have met wiiJi 
deserved condemnation. Of the struggle for 
existence, on which, as wo shall see, Mr. Darwin 
lays such groat stress, he had no conec^ption \ 
indeed, he doubts whether there really are. such 
things as extinct speci(^s, unless tiny be sucli large? 
animals as may have Uiet tli(nr d(‘ath at the? 
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himds of Hum ; and so littlo <loos lio dream of 
there l)eiHg any other destnietivo causes at %vork( 
tluxt, in discussing the possible existence of fossil 
shells, he asks, ‘^Pounjuoi d'ailleurs seroient-ils 
p(Tdu(iS des qne riioinme n’a pu opurer leur 
destruction ?” Phil. Zool.” vol. i. p. 77.) Of 
the influeiicii of scdectiou Lamarck has as little 
iKdion, and ho makes no use of the wonderful 
phamomena which are exliibited by domesticated 
animals, and illustrate its ])owers. The vast 
inllutiiKse of (Juvi(‘r was employed against the 
Lanian^kian vi(‘ws, and, as the untenability of 
soin(‘ of bis <^on<^lusions was easily shown, his 
<lo<drin(‘S sank uu<l(‘r the ojiprobrium of sciimtifu^, 
as \v<‘ll as of theological, liet(‘rodoxy. Nor have 
tln^ (‘llbrts inad(i ()f late ytuars to ivvivo them 
te.ud<‘d to n^“(*stabl^sh tlunr credit in tlu^ minds of 
sound thiuk(‘rs aciiuainted with tli<i facts of th(5 
caso; iude<‘(i it may hi) doubUnl wlic‘tlH‘r I-iamarck 
has not suffiinMl mon^ from his fihmds than from 
l»is foes. 

Two years ago, in fa(d, though we ventun*. to 
(|U(*stiou if (‘V<*n thci strongest supporttTS of tlui 
sp(‘(aal cnsitiou hypothesis had not, now and tlum, 
an nm^asy (jonseiousness that all was not right, 
their position sc^cuned more impngnabki than (»V(^r, 
if not by its own inlu‘rent strengtli, at any rattsby 
tlui obvious failun^ (»f all the attemjds whicdi had 
]H‘(*n mad(i to cany it. On tlui otluT hand, how- 
ever mu(;h the* few, who thuuglit d(*eply on the 
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question of species, might, bo ro 2 )rlle<l l>y llir 
geiieriilly received dugintis, tlu^y saw no way o[* 
escaping from tliem save by the adoption <»f 
suppositions so little justific<t by expi^rinumt 
or by observation as to be at least (*(pially dis- 
tasteful. 

The cboicc lay l)etween two alxsurdifios and a, 
middle condition of uneasy scepticism ; wliirh 
last, however unpleasant and nusatisiactory, wiis 
obviously the only justifiable state of mind 
under the circumstances. 

Such being tbc general ferment in ilu^ miiuls of 
natiu’alists, it is no wonder that they mustt‘red 
strong in the rooms of the Linmeau Ho<‘ieiy, on 
the 1st of July of the year ISiltS, to lusar i-wo 
papers by authors living on ojiposite sides of the 
globe, working out their results iud(‘p<*ndenfiy» 
and yet professing to have dbscovered om^ and tin' 
same solution of all the problmns eonu(*c,ted with 
si)ccies. The one of these authors was an alile 
naturalist, Mr. Wallace, who had heiui tauployed 
for some years in studying the prodnelions of the 
islands of the Indian Archipelago^ and who liatl 
forwarded a memoir embodying his vitwvs to Mr. 
Darwin, for communication to the Jimueau S(K*ieiy . 
On perusing the essay, Mr. Darwin was not a liitlo 
surprised to find that it embodiisl s<une uC the 
leading ideas of a great work which he liad lieeu 
pri^paring for twenty years, a,n(l parts of which, 
containing a development of tlu^ vtay same views, 



n 


THK f^UTGTX DF SPECIES 


71 


liful ]M*nist‘<l l>y his privali* iVieiuls lifti'cu or 
sixi.cou y(t;»rs l><,‘ron\ Porploxod in wliat inauuor 
lo<lo full jusii<*o both Ui Ills fr‘u‘n<l and to himsolf; 
Mr. Darwin j>la<nMl the luaiier in Iho hainU of 
Dr, Hook(‘ran<l Kirdliarlos Ly(ill,by whoso advice 
(^onuiiuuicated a, brief abstract of his own views 
to the Linna*aii Hoeiidy, at the same time that 
Mr, Wallace’s paper was reiid. Of that abstract, 
t}i(} work on the ‘‘ Origin of Hp(‘<;ics ” isaueulargO" 
immt; but a complete statcimmt of Mr. Darwin’s 
doidriuti is lookt‘d for in the largi^ and well- 
illuHtrat(‘d work wliicJi lie is said to he preparing 
for pid»li(%‘dion. 

The Darwinian liypothesis has the merit of 
lining eminently simple and (jonqirelnmsible in 
prineiple,and its esstmlial positions may be stated 
in a very few words : all species have heem pro- 
dueed by tlu^ <l(‘veh»pment of varii^ties from 
eomnmn stocks; by tin* convm'sion of tluiSii, first 
into penna.nenf» ra<*es and thmi into nt^w species, 
by the pr(KU‘ss of /(aivtud Hi'lrdiim, which ]irocess 
is essmitially idtmiical with that artilhhil schsition 
by which man has origiaattnl the races of domestic 
aninnals — tins Htnnjffte fur vrinknuu taking the 
ptaiui of man, and e.xeriing, in the case of natural 
sehsdion, that sch*(d.ive action which he piaforms 
in artiticial stdixdion. 

Tlie evidmuui brought forward by Mr. Darwin in 
support of his hypothesis isof ihre<i kinds. First, 
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110 cudcavonrs to prove that speoi(‘s jaay h<* 
originated by solcciiouL ; secondly, he etteuipis iu 
show that natural causes arc (^mup(‘,lent to (‘xert 
selection; and thirdly, ho tries to provts that ihe 
most remarkable an<l ap>parcntly anoiualutis 
plnenomena exhibibid by tlu‘ distrihutioii, 
development, and nmtnal relations of spocios, 
can be shown to he deducihlo from tin* gem ‘nil 
doctrine of their origin, which ho propounds, 
combined with the known facts of goologicul 
change; and that, oven if all th(‘Sii ]hn‘Uomeiia 
are not at in’osent (iX])]icabl(^ by it, !!one are 
necessarily iuconsistcmt with ii. 

There cannot ])o a douht that the meiln^i of 
iiupiiry wliich Mr. Darwin has adopf(‘d is not only 
rigorously iii accordance with tint I’anoir; of 
scientific logic, Imt that it is tin? only ade<|uafe 
method. Critics exolusivedy train(‘(l in elassitv; or 

111 mathematics, wlio hav<^ never dedenuined a 
scientific fact in theur ]ivi‘S hy induction fnuii 
cxporinient or ohservation, praio le{irm‘dly alnmt 
Mr. Darwin's nuithod, wltieh is md indindiio 
cnongli, not Jkwjoiiian enough, forsooth, tor tiienn 
But ev(*n if ])ractical aiupiaintaiK'o with (he proeo^*, 
of scientific investigation isdmiied iluuii, they may 
learn, by the perusal of Mr. Mills admirahh* 
chapter '' On the Deductive Method,*' that thore 
arc imiltitudes of s<uenti(l(; imjuiries in vvldfh the 
method of ]miv, induetion heljm I he investigator 
but a v(‘ry little way. 
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"‘Tin? of iiive.stigiitioii,” says Mr. Mill, *‘whirh, from 
tho i>rovt*d iiiap]>li<;ubility of <Hr<*ct m(‘thods of oKservatioii and 
oxiHiriiaent, nauaiiH to ns as tlu* main source of tlic knowledge 
we pn.N*»(*ss, or crui actjuire, respecting the conditions and laws of 
rrM'UiTcnce of tln^ iinjre c^omplcx ]>lnenomena, is called, in its 
general expr<*ssi<»n, the d<*dxictive tnetliod, and consists of 
threi* operations : the iirst, one of direct induction ; the second, 
of ratiocination ; and the third, of verification.” 

Now, tho conditions whicli h<ave determined the 
existcduHi of species are not only exceedingly com- 
but, so far as the great nnijority of them are 
<*onf*(>rn(id, are noccissarily Iwjyond our cognisance. 
Hut what Wr. Darwin lias atlempt(*d to do is in 
(‘xact ac<t<mlanc(‘ tvith ih(^ rule laid down hy Mr. 
Mill ; h(‘ has (^n(l(‘avour(‘d to detennine certain 
great fucis inductivi‘ly, hy obsiTvation and (ixperi- 
nieni; he has tlaai reasoned from the data thus 
furuisht^d ; and lastly, lu* has tisstiul the validity of 
his raliocinaiion hy eomparing his deductions with 
tla^ ohserv(‘<l faets of Nature, Iiahuitively, Mr. i 
Darwin endeavours to prove that spttcies arises in 
a given way, D(‘<iuctivt‘ly, he desinss to show 
that, if they arise, in that way, the faijts of distri- 
bution, <lev<‘lop!uent, <*la.ssilieation, may he 
artiounteil for, '/.r. may 1)e deduced from th(arinode 
of origin, <Hnuhine<l wdth admittiHl changes in 
phyHi<^al ge.ography a,nd climate^., during an indcs- 
finitt^ jKd‘io<i, Anti this explanation, or comci- 
deuce of <ihH(!rv<^d with (h‘duc.(^<l facts, is, so far os 
it axttuids, a V(‘rifu:ation of the Darwinian view, 
Thert* is no fault to lie found with Mr Darwiids 
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method, tlion ; but it is anotiior question wliotlior 
ho has fulHllcd all tho conditions hujioseil liy that 
method. Is it satisfactorily jiroved, in fact, (.hat. 
species may be originated by selection ? that tliorc 
is such a thing as naturtil soloction V that none 
of the phaenomena exhibited by species are incon- 
sistent with the origin of species in this way ? If 
these questions can be answered in thcj aflii'inativii, 
Mr. Darwin’s view stops out of tho rank of hypo- 
theses into those of proved theories; hut, so long 
as the evidence at present adduced falls .short of 
enforcing that affirmation, so long, to our minds, 
must tho new doctrine be content torieuain among 
tho former — an extremely vahiablo, and in t.ho 
highest degree probable, doctriiu', iudccil the only 
extant hypothesis which is wovt.h anything in a 
scientific point of view; but still a hypothesis, and 
not yet the theory of species. 

After much consideration, and w'itli assuredly 
no bias against Mr. Darwin’s views, it is onr el<-ar 
conviction that, a.s tlio evidence staml.s, it is not 
ahsolutely proven that a group of animals, having 
all the cliaracters exhibited by sjieeiifs in Nal.nro, 
has over been originated by selection, whether 
artificial or natural. Grmqis liaving the niorplm- 
logical character of species— distiiictand permanent 
races in fact — have been sojinshtced overand over 
again ; but there is no jiositive ovidmiei', at present, 
that any group of animals has, hy variation and 
selective breeding, given rise to another group 
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whi^*]i was, even in tint Itsast (l(‘groc, infertile with 
th(i first. Mr. lJ>ar\viu is pcifoctly aware of this 
weak point, and brings forwartl a multitude of 
ingenious aiid important arguments to diminish 
the force of the objection. We admit the value of 
these arguments to their fullest extent ; nay, wo 
will go so far as to express our belief that experi- 
ments, comlucted by a skilful physiologist, would very 
])robably obtain the desired production of mutually 
more or less infiu'tilo breeds from a common stock, 
in a com])aratively few years ; but still, as the case 
stands at ])rese*nt, this ^‘little rift wiiliin the lute” 
is not to be disguised n<»r ov<‘rlooked. 

In thii riunaimha* of Mr, Darwui’s argument our 
own priva.ie ing(‘jmity has not }iiih<‘ri(> eaabbid us 
to pi<‘k hoh^s (d any gniat im})oria,nce ; and judging 
by what we hear ami r(‘ad, otluu' adventurers in 
tlie, sain(» field do not s<u*.m to have Ixjon much 
mor<^ fortuna1(‘. It has b(u*.n xirged, for inslamte, 
that in his chapbrs on the struggle for (existence 
ami on natural soloction, Mr. .Darwin do(‘s not so 
mu<*h [U’ovti iiiat nat.ural selection do<is occur, as 
that it must oc(;ur ; but, in fact, no oilier sort of 
(hmumstration is attainabh^. A ra<‘(i (hn^s not 
at^-ra(^t our attention in Nature until it has, in all 
probability, exisU^d for a ciaisidiirable time, and 
tlu'U it is too late to imiuinj into the conditions of 
its origin. Again, it is said that tliere is no real 
analogy ])eiw(*(m th(^ s<de(^tion which taki^s place 
under domestication, by human influence, and any 
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operation wliicli can bo effected by Nature, for man 
interferes intelligently. Eeduced to its elciuouts, 
this argument implies that an effect prf>duced with 
trouble by an intelligent agent must, d^faHioriy }>e 
more troublesome, if not impossible, to an unin- 
telligent agent. Even putting aside the question 
whether Nature, acting as she does according to 
definite and invariable laws, can bo rightly called 
an unintelligent agent, such a i^osition as this is 
wholly untenable. Mix salt and sand, and it shall 
puzzle the wisest of men, with his mere natural 
appliances, to separate all the grains of sand from 
all the grains of salt; but a shower of rain will 
effect the same object in ton minutes. And so, 
while man may find it tax all liis inte]lig(‘n<‘e to 
sejDarate any variety which arises, and to brt*o(I 
selectively from it, tlxo destructive agomh^s iiujos- 
santly at work in Nature, if tlu^y find omj variety 
to be more soluble in circumstances than tlui other, 
will inevitably, in the long run, climinatti it. 

A frequent anda just objection to tlu‘. Iiainar(‘lvia.n 
hypothesis of the transmutation of sp(‘<U(‘S is l)jise(l 
upon the absence of transitional forms h<‘twe(‘u 
many species. But against the Darwinian hy})o- 
thesis this argument has no force. fiidcMuI, <me of 
the most valuable and suggestive jjarts of Mr, 
Darwin’s work is that in whi(ili lie j^rovt^s, that 
the frequent absence of transitions is a m‘(n*sHary 
consequence of liis doctrine, and that tint stock 
whence two or more s])ecies hav(^ sprung, n(*ed in 
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no respect bo intermediate between these species. 
If any two species liave arisen from a common 
stock in the same way as the carrier and the 
potiter, say, have arisen from the rock-pigeon, 
th(m the common stock of these two species need 
be no more intermediate between the two than 
the rock-pigeon is between the carrier and 
pouter. Clearly appreciate the force of this 
analogy, and all the arguments against the origin 
of species by selection, based on the absence of 
transitional forms, fall to the ground. Au<l Mr. 
Darwin’s ])Ositi()n might., wo think, have been 
evt‘n strongcir tlnui it is if he had not embarrassed 
himstdf with the aphorism, Nainm non facit 
Halt'WUbl' which turns up so often in his pages. 
We believe, as wo have said above, that Nature 
<lo(*s inak<i jumps now and then, and a recognition 
()f th() fact is of no small importance in disposing 
of many minor objections to the doctrine of trans- 
mutation. 

But we nuist pause. The discussion of Mr. 
Darwin’s argiinumts in detail would lead us far 
Ixiyond tbe limits vv^ithin which we proposed, at 
starting, to contim*. this article. Our object has 
bi^e.n attained if wo hav(s given an intelligible, 
how(ivor brief, account of the established facts 
(ionrn^ctcjd with Hp<xacs, and of the relation of the 
<^x])lanation of those facts offered by Mr. Darwin to 
the thc(^nd.i(’al views held by his predecessors and 
his oout(unp<>raries, and, above all, to the require- 
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merits of scientific logic. We have ventured to 
point out that it does not, as yet, satisfy all those 
requirements; but we do not hesitate to assort 
that it is as superior to any preceding or con- 
temporary hypothesis, in the extent of observa- 
tional and experimental basis on which it rests, in 
its rigorously scientific method, and in its power of 
explaining biological plnenomena, as was the 
hypothesis of Copernicus to the speculations of 
Ptolemy. But the planetary orbits turned out to 
bo not quite circular after all, and, grand as was 
the service Copernicus rendered to science, Kepler 
and Newton had to come after him. What if the 
orbit of Darwinism should be a little too circular ? 
What if species should offer residual phenomena, 
here and there, not explicable by natural selection ? 
Twenty years hence naturalists may be in a 
position to say whether this is, or is not, the case ; 
but in either event they will owe the author of 
The Origin of Species ” an immense debt of 
gratitude. We should leave a very wrong im- 
pression on the reader's mind if we permitted him 
to suppose that the value of that work depends 
wholly on the ultimate justification of the 
theoretical views which it contains. On the con- 
trary, if they were disproved to-morrow, the book 
would still be the best of its kind — ^the most 
compendious statement of well-sifted facts bearing 
on the doctrine of species that has ever appeared. 
The chapters on Variation, on the Struggle for 
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Kxisicnco, on Iiistinci,, on Hybridism. <m tliulmper- 
foction of tho Geological Record, on Geographical 
Distribution, liavc not only no equals, but, so far 
as our knowledge goes, no competitors, within tho 
range of biological literature. And viewed as a 
whole, we <lo not believe thai, since tho publica- 
tion ol Von Baer’s “ Researches on Development,” 
thirty years ago, any work lias appeared calculated 
to exert so largo an influence, not only on the 
future of Bi(dogy,but in extendingtho domination 
of iScience over regions of tliought into which she 
has, as yet, hardly penetrated. 
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1. HKUKH IHK DaUWIN’sCIIK SCHOPFUNaBTIIEOllIE ; EIN 

V<»iiTUA<{, VON A. KoJiiiiKKii. Leipzig, 1864. 

2. iCXAMrVATION J»IJ lilVllK J>K M. Daiiwin wr i/Okigine 

DEs Ksi'Ijckh. Par P. Floxjrenh. Paris, 1864. 

Tm f)f tluj present yca.r several foreign 

cenunenta-rii^s npen Mr. Darwin’s great work have 
nin<lt^ tlieir apjaia-ranco. Those who have perused 
tliatf r<‘niarkal)le chapter of the “ Antiquity of 
Man,” in whi<jh Sir Charles Lycll draws a parallel 
hc^twecni the dc^vclopment of species and that of 
la-nguagt's, will bo glad to hear that one of the 
most oannent philologers of Germany, Professor 
K(bli*i<;h<ir, has, independently, published a most 
inst.nic.tivci and ]diilos<)plncal pamphlet (an ex- 
cellent notice (»f which is to be fouiAd in the, 
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Reader, for February 27tb of this year) supporting 
similar views with all the weight of his special 
knowledge and established authority as a linguist. 
Professor Haeckel, to whom Schleicher addresses 
himself, previously took occasion, in his splendid 
nionograj)h on the Radiolaria} to cxi)ress Ids high 
appreciation of, and general coiicordaiico witli, Mr. 
Darwin’s views. 

But the most elaborate criticisms of the Origin 
of Species'’ which have appeared are two works of 
very widely different merit, the one by Professoj* 
Kolliker, the well-known anatonusfc and histolo- 
gist of Wurzburg; the other by M. Flourens, 
Perpetual Secretary of the French Academy of 
Sciences. 

Professor K<)llikcr’s critical essay Upon the 
Darwinian Theory” is, like all that proce<uls from 
the pen of that thoughtful and accomplished 
writer, worthy of the most careful cousi<leratioii. 
It comprises a brief but clear skt^tch of Dju’wiu’s 
views, followed by an enumeration of the heading 
difScultics in the way of their acce^ p tain u) ; diHi- 
culties which would appear to be insurmountable 
to Professor Kolliker, inasmuch as h<i proposes to 
replace Mr. Darwin’s Theory by one which luj 
terms the “ Theory of Hc^terogciieous GinKU'ution,” 
We shall proceed to consider lirst the destructivtj, 
and secondly, the constructive jjortion of the 
essay. 

^ Did JXmVwVu'Ui),; dm Mom(jTa>pliie, p. 2;U, 

yoL. IT Va 
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Wo rcgrot. to find ourselves compelled to dissent 
vc‘ry wid(ily fi‘oin many of Professor Kolliker's 
remarks; and from none more tliorouglily than 
from tliose in which he seeks to define wliat 
w<^ may U‘rm tin*. ]>osition of Dar- 

winism. 

DiinM'u/’ ways Pr<if<*ssor **is, in hhisc of 

ilu* wonl, a Ti‘loo|<»; 4 ;i.st. {{<• sfiYs<piii<‘ disUnrily (First. Edition, 

j»p. I0t<, Uiat<‘V(‘ry partimilur in the slnniUiro of an animal 
lias ItfL'u »‘i’»*at«‘d for it, a hoindit, and lio r(‘"ar(ls tlm whole scries 
of animal fonnn only from this ]Mdnt <d’ viewd* 

And again: 

“7* The tidoolo'^iind f^em-ral tanmeption adopp-d ]>y Darwin 
ii; a mistaken om*. 

“Varieties niiso irrespo(div4*ly of the notion of jmrjmsn, or 
of ntility, u(tc<>rdin«,': to goimral laws f»f Nature, and may ho 
oit In M* Useful, orhurtfid, or iinlitrmvni. 

Tin* asMimptiotj that an orf'uuisin exists only on of 

noino dotinili’ einl in view, and repivsi-uts H(»m<*tluii|^Mnore than 
Iho in«'<»iporalion «d' af'<‘m*ral idea, or law, implies a oiuvsidcd 
o»m('<*|dion of llm universe. Assuredly, eve.ry or^^an has, and 
every or*.taiiiim fullilii, itsmd, Imi its juirposcns notihe condition 
of its exislrnee. F4V<Ty oiyaiiuiin is also sullieieiitly ])erretjt for 
the purpose it 3;erv»*s, and in iliut, at least, it is useless to seek 
loraeau.se of itfi iiujtroveinent.*’ 

li is singuhir hew tliUcrtudly eiio and th<^ wune 
hnnk will impress tlifien^nt minds. That winch 
struck ih(' pnssmil wrihn- iu<»st. fennhly <m his first 
|H*rusiil of the "M Origin of SiM‘ei(*s” was i-ho com 
vi<di<>n iluif* Teleology, ns commonly uiidersi.ood, 
hnil reet‘ivi‘d Its (hsathhlow at Mr. Darwin’s hands. 
Ft^r the teleohgicnl argument runs tints: an organ 
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or organism (A) is pi'eciscly fitted to iierfonn a 
function or purpose (B) ; therefore it was specially 
constructed to perforin that function. In Paloy’s 
famous illustration, the ada];)tation of all the parts 
of the watch to the function, or purpose, of showing 
the time, is held to be evidence that the watcli 
was specially contrived to that end ; on the ground, 
that the only cause wo know of, comi)otent to 
produce such an effect as a watch which shall keep 
time, is a contriving intelligence adapting the 
means directly to that end. 

Suppose, however, that any one had been able 
to show that the watch had not been made dirt‘ctly 
by any person, but that it was the n^sult of the 
modification of another watch which kept time but 
poorly ; and that this again had proceeded from a 
structure which could hardly bo called a watch 
at all — seeing that it had no figures on the dial 
and the hands wore rudimentary ; and that going 
back and back in time we came at last to a, r(‘.- 
volving barrel as the earliest traceable rudinnnit 
of the whole fabric. And imagine that it Inid 
been possible to show tliat all those changes 
had resulted, first, from a tendency of the structure 
to vary indefinitely ; and secondly, from somotlnng 
in the surrounding world which helped all variations 
in the direction of an accurate timo-kcopor, and 
chocked all those in other directions ; tin mi it is 
obvious that tlie forci^ of Paley’s argument would 
be gone. For it would be dimioustrated tliat an 

a 2 
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apparatus tlioroaglily well adapted to ii ])ar<:i(Milar 
purpose miglit be the result of a method of trial 
and error worked hy uimitclligcnt agtaits, as w<‘Il 
as of the direct apidication of the means appro- 
priate to that end, by an intelligent agent. 

Now it appears to ns that what ^yo ]»av<j hen*, 
for illustration's sake, supposed to l)e done with 
the watch, is exactly what the (‘st.ah]islmu‘nt of 
Darwin's Theory will do for the organic world. 
For the notion that cveiy organism has lH*en 
created as it is and launched straiglit at a purpose*, 
Mr. Darwin substitutes the concoptiou ofsoim*- 
thing which may fairly bo termed a tmdhod of 
trial and error. Organisms vary incessantly; of 
tlioso variations the few meet with surrounding 
conditions which suit them and thrive ; tin*, many 
are unsuited and b(?come extinguisln*d. 

According to Teleology, each organism is like a 
rifle bullet fired straight at a jiiark ; ac<^onl!ng to 
Darwin, organisms arc like grajM^shot of which one 
hits something and the rest fall widtj. 

For the telcologist an organism (‘xists h(‘(*auHe 
it was made for the conditions in which it is found ; 
for tiho Darwinian an organism exists h(*<vuis(s out 
of many of its kind, it is the only oiu? which has 
been able to persist in the condii.ions in which it 
is found. 

Teleology implies that the organs uf c*vc*ry 
organism are porfc^ctand cannot bci improved ; the* 
Darwinian thc3ory simply aftlrms that they work 
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%vt‘li (‘iiongli to tlio orgauisiu 1(> bold its 

own ugjuiisi su(*b competitors us it Las met with, 
but admits the possibility of indefinit(j improve- 
meut. But an exaTuplo may brlug into cloar(‘r 
liglit tlui profound opposition })otvve<jtu tlio ordinary 
tt‘leologicab and tln‘ Darwinian, conception. 

Oatscatcb mice, snuilllards and tbc lik(‘, very 
well. Teleology tells us that they do so because 
they wore expressly constructed for so doing — that 
they arc perfect mousing apparatuses, so perf<‘ct 
an<l so <lelicat(^ly adjusf,t‘d that no one of their or- 
gans could bt‘, a,lten*d, without tins change involving 
th(‘ all<‘ration of all the n‘st Darwinism affirms 
on ihe (contrary, that there was no express con- 
struction (‘oiuHanied in the matter; but that among 
tlu} multitudinous variations of tla^ Feline stock, 
many of whi<ih ditnl out from want of power to 
resist o])posing influeu(*cfs, sonu^, the cats, went 
better iiit(‘d to (‘abdi mice than others, whence 
tlu 7 throve and ]n‘rsiste<l, in pro])oriiou to the 
advautag*) over tlner billows thus offt*re,d ti) tluiin. 

Far from inntgining that eats iixist ifi order to 
cat(‘!i mice wih, Darwinism supjxmt^s that eats exist 
they catch mi<;e well — mousing being not 
the, c‘ud, Init the <iondith>n, of their exisieiuie. And 
if ilui (’at typti has long pisrsisted as wii kimw it, 
the inhu’pnitation of tlu*. fact upon Darwinian 
prituiiphfS would lui, not that tlu; cats have re- 
mniiuid invariable, but that siuih varietuis as have 
iuiJessantly o<*<*urn*d have beem on ilui wht»le, hiSS 
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fitted to got Oil in tlio worl^l tluui tlm evisliiijjf 
stock. 

If we aj)prehend the Sjurit tl»t} “(h-igiu of 
Species’* riglitly, then, iiotliiiig can l)o mon* (‘ii- 
tirely and absolutely opposed to Tt‘l(‘ol(^gy, as it is 
commonly imderstood, tliantlK^ Darwinian 
So far from being a “ Teleologistiii the fulh‘Ht 
of the word/* we should deny that h(‘ is a 
Teleologist in the ordinary sens(* at all; and sw* 
should say that, ajiart from his nnu’its as a na- 
turalist, ho has rendered a most remarkal)Ie siTvieo 
to philosophical thought by enabling tin* studoni 
of Nature to recognise, to tludr fullest <‘xtent, thosi* 
adaptations to pnrposcj which are so striking iu the 
organic world, and which Tel(‘(>logy has done good 
service in keeping before our luiiids, wilhoid being 
false to the fundamouial ])rin(tij»l(‘S of a seieutilie 
conception of the xuuv(5rs<j. TlH‘aj)pa.n‘nlly itiverg* 
irig teachings of the Tehiologist and <d’ihe Morpho- 
logist arc reconciled by the Darwinian liypoihesis. 

But leaving our own iin])rt*.Hsions ofilitt** Origin 
of Species/* and turning to thos(i passages especially 
cited by Professor Kdllikcr, we <'anuot admit that 
they bear the interpretation 1 h) puts upon them. 
Darwin, if wo road him rightly, doijs uflirm that 
every detail in the structun^ of an animal has lieen 
created for its benefit, llis words ar<^ (p. IlHt) - 


**Tho forcgoiiip; renuirka load ju« to Miiy a few wordn oti tin* 
protest lately made l)y sonio iiatumlistH against Iho attlil’uiHri 
doctriuc tliat every detail of structure lias been |>r<aliuw*d fur tie* 
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of its ]»o.ssi‘.sf,(ir. Tln'y that v<‘ry iiuiny striujliiros 

liJiv** Im'ou fur lu ‘.‘liny in 11i«‘ <‘y<‘.H <»r man, or lor nicru 

variety. Tills duetriiie, if tnn*, would lu* absululely fatal to luy 
theory— yet I fully admit that many .struct ures arc <tf no direct 
use to their ]>or,S4‘.s.MU*.” 

And ai’t<‘r sundry illustrations and (iutiliiications, 
ho coin^hnlos (p. ±iH)) : — 

“Ileiieo (‘Very detail of stru^^lur(^ in (*V(‘ry liviii^^ ereature 
(inaldiifj some little allowance for the dirifct action of ]»hysi(‘{il 
conditions) may ho viewml eilhe.r as liaving he(‘n of special uso 
to .some ancestral form, or as hein^; now of spc<‘ial in-:** to the 
d(‘HC(‘.n (hints of this form —either directly, or indirectly, through 
the complex laws of growth.” 

lint it is 011(5 thing to say, Darwin i(*ally, tliai 
(‘Very d<‘iail ohs(‘rv<Ml in a.n tininiars stniCiinro is 
ot us(‘ t,o it, or has Ihumi of us(5 to its an(5(‘siors; 
and (init(5 another to atlinn, i(‘l(‘ologiiiaIly, that 
<‘V(‘ry dei-tiil of an animars stnnrtun* luis b(it5U 
er(‘aied for its henelik On the fonm*r hyi^oihesis, 
for (‘xainjile, i\n\ kudJi of tho f(X‘tal J>((hv%a havo a 
iu(*a,ning; on th(5 latter, uoin‘. iS(^ far as wo are 
awans theri5 is not a plirase in tlni Origin of 
Sp(‘ei(*s*’ ineonsisti<*nt with Proiessor K(>Hik(‘r’s 
position, that “ varieti(‘S aris<‘ irn‘Spe(5tiv(*ly of the 
notion of piiri>(ysi% orof utility, aectording to g<*iua-al 
lasvs of Nature, and may Ixi eithtd' useful, or hurt- 
ful, or indilfertuit/' 

On the contrary, Mr. Darwin writes (Huiumary 
oft jhap. V.): ' - 

** Our ignurumsi nf the laws of vuriatiuu is profound. !Not in 
om5 (‘UHU out of a hundusl can W(‘ pn'tcnd to assign any rcaBou 
why this or that part varicH morn or less from tho same pari; in 
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tli)C parents. . . The external conditions of life, as einnate and 
food, &c., seem to have induced some slij^dit modilii’ations. 
Habit, in producing constitutional dillcrcnces, and use*, in 
strengthening, and disuse, in weakening an<l diminishing organs, 
seem to have been more potent in tlieir cHhets.” 

And finally, as if to prevent all possible iniscoii- 
ceptioii, Mr. Darwin concludes bis Cbapi(‘r on 
Tariation witli these pregnant words : — 

“ Whatever the cause may he of catdi slight dirtVnmcc in tin* 
offspring from their parents — and a eau.se for each must exist - - 
it is the steady accumulation, through natural .scileetion of .sneli 
dilferences, when beneficial to the individual, that gh't's rise to 
all the more important modifications of stmetun*, by whieh the 
innumerable beings on the face of the earth art* (*nable<l to 
struggle with each other, and the host adaptotl to survive.*' 

We have dwelt at length upon thi.s subj(*ct, lu*- 
caiise of its great general iiu])ortaii(U‘, and luniausn 
wo believe that Professor KiillikcTs criticisms (»n 
ibis head are based njnm ainisa])i)r(ibt‘nslon of Mr. 
Darwin’s views — substantially lluy npp(‘ar to us 
to coincide with his own. The otinu' objt*c,tions 
which Professor K()llikcrcuunu‘rat(*H and <lis(‘uss(*s 
are the following : ^ — 

‘*1. No transitional fonu.s beUvetm existing speeies are 
known; and known varieties, whether seleetetl t»rH]>ontune(»UH, 
never go so far as to ostahlish mnv spedtis.” 

To this Professor K()llik(jr appears to attach 
some weight. He makes the suggcj.siion that tin* 

1 Space will not allow us to give Professor Kolliker's argu- 
ments in detail ; our readers will find ufull and nc‘euraie vt‘rsion 
of them in tlie Jieadcr for August 13th and tiOlli, IKfM. 
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short-faced tinubler pigeon may he a pathological 
product, 

“2. No traiisitioiial forms of animals are met with among the 
organic remains of earlier ep<K*hs.” 

XTj)on this, Professor K<')llikor remtirks that the 
ahsexice of tninsitioiial forms in the fossil world, 
though not nocc^ssarily fatal to Darwin’s views, 
weakens his case. 

“ 3. The struggle for existence docs not take place/’ 

To tins objection, urged hy Pelzoln, Kiilliker, 
very justly, attaches no weight. 

‘*4. A tendency of organisms to give rise to ustdul varieties, 
ami a natural hC‘lf{jti<)n, df> not exist. 

*‘1'h<j varictie.s which arc found arise in consequence of 
manifold c,xt<}rnal inflmtnces, and it is not obvious why they all, 
or ]>artially, shouhl h<‘. paiiicularly useful. Ka<rh animal sufllces 
for its own <uids, i.s p(U’fect of it.s kind, and needs no further 
d(^volo]mn‘nt. Shouhl, however, a varitity he useful and even 
maintain itself, tlu‘re is no obvious r<*aKon why it shotild change 
any furtlicr. TIu‘. whole (‘on(H‘plion of tho imperfection of 
organisms and Ihe n(M*.ossity of their becoming perfected is 
}nainly tlie w(*ak<‘st si<hj of Parwin'.s Th<‘ory, and a ^is aller 
(Kothhehelf) b<‘<‘au.so Darwin could think of no otluT principle 
hy whi(*h to explain the metamorpho.seH which, as I also believe, 
liavtt occumsl." 

ugain wo, must venture to dissent com- 
])letely fnmi Pnifessor Kr>llik(u*’s coucoptioii of Mr* 
i)arwiu’s hypothesis. It apjHUWS to us to ho one 
of the many peculiar moritsof that hypothesis that 
it involvt^s no heli(‘f in a luicessary and continual 
progn^ss <»f organisms. 

Again, Mr. Darwin, if we read him aright, 
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assumes no special tendency of organisms to give 
rise to useful varieties, and knows nothing of needs 
of development, or necessity of ])erfeetion. What 
he says is, in substance : All organisms vary. It 
is in the highest degree imiirobable tliatany given 
variety should have exactly the same relations to 
surrounding conditions as the jiareui stock. In 
that ease it is either better fitted (when the varia- 
tion may be called useful), or worse fitted, to (^ope 
with them. If better, it will tend to supplant the 
parent stock ; if worse, it will tend to be extin- 
guished by the parent stock. 

If (as is hardly conceivable) the new variety is 
so perfectly adapted to the conditions tliat no 
improvement upon it is possibl(‘,“-it will jKirsist, 
because, though it does not cease to vary, tlui 
varieties will be inferior to itself. 

If, as is more pK>bable,the new vari(3ty is by no 
means perfectly adapted to its conditions, Init only 
fairly well adapted to them, it will persist, so long 
as none of the varieties wliich it tlirows oif a, re 
better adapted than itself. 

On the other liaiul, as soon as it vari(‘s in a 
useful way, i.e, when the variation is such as to 
adapt it more perfectly to its conditions, the frcish 
variety will tend to supplant the former. 

So far from a gradual progress towards jierfiitjtion 
forming any necessary part of the Darwinian 
creed, it app(iars to us that it is perfectly consistent 
with indefinite persistence in one state, or with 
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a gradual retrogression. Sii])])ose, for oxiiinple, a 
return of tlio gla<aal (‘pocli and a spread of polar 
elimatjd eonditions over tlio whole giohe. The 
operation of natural Holection under these cirenm- 
stances would tend, on the whole, to the weeding 
out of th(j hlgh(‘r organisms and the cherishing of 
the lower forms of life, Oiyptogamic vegetation 
would have tlio advantage over Phanerogamic ; 
Hydrozoa over Corals ; Crustacea over hisccia, and 
Amiihipoda and Isopoda over tiie higher Crustacea ; 
Cetaceans iind Seals over the Primates; the 
civilisation of the Esiiuimaux over that of the 
Enropivau, 

** h, Pclzi'-ln liJiH Jilao that if Iho later organisms have 

from th(5 rarlu^r, tho whole tlev<iloi>montal series, from 
the to the highest, could not now exist ; in such a case 

th(j simpho* (n’gauihnw must have disappeared.” 

T»» this Prohissor Kdlliker replit‘S, with perfect 
jnstiei^, that the coudusiou drawn by Pelzeln does 
not r(‘aily follow from Darwids promisees, and that, 
if w<* tal«i tlic facts of Paheontology as they 
stand, thiy raiber sup])ort than oppose Darwin's 
tluMuy. 

“ <1, (}r(*at \V(u^^ht must }k 5 attached to the objection brought 
forward by i lux ley, otlnirwise a warm supporter of Darwin’s 
hypotlmsis, that we know of no varletuis which are sterile with 
one aiudher, us is the rule among sharply distinguished animal 
fonuH. 

** If Darwin is I'ighi, it must ho demonstrated that forms may 
he prodmied hy selection, whwjh, like the present sharply dis- 
tinguished animal forms, are iufeilihs when coupled with one 
another, and this has not been done/' 
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The weight of this objection is obvious ; but our 
ignorance of tlio conditions of fertility and sterility, 
the want of carefully conducted experiments 
extending over long series of years, and the 
strange anomalies presented by the results of the 
cross-fertilisation of many plants, should all, as 
Mr. Darwin has urged, be taken into ac<.*ount in 
considering it. 

The seventh objection is that we have alr(‘a<ly 
discussed (su])m p. 82). 

The eighth and last stands as follows : — 

The developmental theory of Darwin is not noe(h‘d to 
enable xis to understand the regular liarmonious progress of the 
complete series of organic forms from the Hiini)Ier to the luort* 
perfect. 

“The existence of general laws of Nature <*xj[)luins this 
harmony, even if we assume that all beings have arisen separately 
and independent of one another. Darwin forgtds that inorganio 
nature, in which there ean ho no thought of g(ui(‘tie eoiuiexion 
of fornw, exhibits the same regular plan, the same harmony, as 
the organic world ; and that, to eite only omi exaniph*, ther«i is 
as much a natural system of minerals as of plants and 
animals.” 

We do not feel quite sure that wti 
Professor Kolliker’s meaning henj, but he app<;arH 
to suggest that the observation of ilie gtineral ordtir 
and harmony which pervade inorganic natunt, 
would lead us to anticipate a similar ordc^r and 
harmony in the organic world. And this h no 
doubt true, but it by no means follows that iht^ 
particular order and liannony obs(irv(«l aimmg 
them should be that whi(jh wo sot*. Kurely lloi 
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stripes of d\iu liorses, and tlie teeth of the foetal 
Btdmna^ are not cx]>lainod hy the ''existence of 
general laws of Nature/* Mr. Darwin endeavours 
to explain the exact order of organic nature 
which exists ; not the mere fact that there is 
some order. 

And with reganl to tlie existence of a natural 
system of jnincrals ; the obvious reply is tliat 
Ui(3rc may be a natural classification of any 
objects — of stones on a sea-beach, or of works of 
art; a natural classification being siinjily an 
assemblage, of objects in groups, so as to express 
their most important and fundamenta.] rt^sem- 
bla.nces and diffijrcnces. No doubt Mr. Darwin 
bijlieves that those rosoxnblanccs and differences 
upon which our natural systems or classifications 
of aiiimfils a.nd plants are based, are resemblances 
an<] dificnuices which have been produced gene- 
tically, but we can discover no reason for suppos- 
ing that he denic‘H the existence of natural classi- 
fications of oUuT kinds. 

And, after all, is it <{uite vSo certain that a 
g(m(‘-tic relation may not nnd(‘.rlic the classification 
of niinm’als ? The inorganic world has not always 
Ihhui what wo it. It lias certainly had its 
m<»tamori)hoses, and, very probably, a long 
“ Kntwickclungsgeschiclite” out of a nebular 
blastema. Who knows how far that amount of 
likmie-SH among s<d)S of mimu’als, in virtue of which 
they ani now grouped into families and orders, 
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may not be the expression of the common condi- 
tions to which that particular patch of nebuhms 
fog, which may have been constituted by their 
atoms, and of which they may be, in the strictest 
sense, the descendants, was subjected ? 

It will be obvious from what has precedc<l, that 
we do not agree with Professor Kollikcr in think- 
ing the objections which ho brijjgs forward so 
weiglity as to be fatal to Darwin’s view. But even 
if the case were otherwise, we sliould bo unable to 
accept the “ Theory of Heterogeneous Gencu-ation ” 
which is offered as a substitute. That tlieory is 
thus stated : — 

‘*Tlie fandamontal coiicci)lioix of tliis hypothesis is, tliat, 
under the influence of a gcucral law of dcvclopnnutt, the genan 
of organisms produce others diflerent from thciuHcIvos, 
This might happen (1) by the fecundated ova passing, in tin! 
course of their development, uinlcrparthiular cir(jumKtan(‘es, into 
higher foimis ; (2) by the primitive and later organisms produc- 
ing other organisms without fl'cninlation, out of gmuH or (‘ggs 
(Parthen ogeiiesis). ” 

111 favour of tills hypothesis, Professor K<)Iliker 
adduces the well-known facts of Agamogoiiosis, or 
'"alternate generation” ; the oxtronio dissimilarity 
of the males and females of many animals ; and of 
the males, females, and neuters of those inse(‘.ts 
which live in colonies : and he defimjs its relations 
to the Darwinian theory as follows ; — 

“ It is obvious that my hypotbosis is apparently veiy similar 
to Darwin’s, inasmuch as I also consider that tin* various forms 
of animals have i^rocucdod dirceily from one another. My 
hypothesis of the creation of organisms ]>y heterogeneous genera- 
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tion, however, is distiogiiished very ossieitUilly froin Darwin’s 
by the entire absence of the principle of useful variations and 
their natural sclec-tion : and my fundamental comjcption is this, 
that a great plan of development lies at the foundation of the 
origin of the whole organic world, impelling the siniphn* forms 
to more and more complex developnicuts. How this law 
oj)eratcs, what inllucnocs determine the development of the 
eggs and germs, and imjM*l them to assume conslaiii.ly new 
forms, I naturally cannot pretend to say ; hut I can at least 
addu(;c tlic great analogy of the alternation of generations. If 
a Bipmnarift^ a Brachioldriat TLPluicu.% is competent to produce 
the Echinoderm, which is so widely different from it ; if a 
liydroid polype can produce the higher Medusa ; if the vcrniifonn 
Tremato<lc ‘nurse’ can develop within itself the very unlike 
Ccrcariiti it will not a])pear impossible that the egg, or ciliated 
enilnyo, of a sponge, for oiuse, under special condition.^, might 
become a hydro i(l polype, or the embryo of a Medusa, an 
Echiiiodorni.” 

It is obvious, from those extracts, that Pro- 
f(‘.ssor K(>lljkcr’s hypothesis is bastid upou the 
sup])ostHl oxistouco of a close analogy bciween the 
jdueuonujna of Agaiuogoiiesis and the production 
of sp(‘(ii(‘s from pre-existing ones. But is tlie 
analogy a real on<^ ? Wo fhink that it is aiot, and 
l»y Uu) liypotlu^sis ca.nnot. Ixi, 

For Avlnit are the plnnnomeuaof Agamogenesis, 
stato.d giinerally ? Au impregnated egg develops 
into a stixhiss form, A ; this gives rise, non-soxually, 
to a s(j(*ond form or forms, B,morc or loss different 
frojn A. B may multiply non-scxually again ; in 
the simphu'oases, however, it do(‘S not, hut, ac<piir“ 
ing S(^xnal (^hanuitors, produces impregnjitcd eggs 
from wlumctJ A, once more, arises. 
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No case of Agamogenesis is known in which 
when A differs widely from B, it is itself cajxiblc of 
sexual propagation. No case whatever is kiKjwn 
in which the progeny of B, by sexual generation, 
is other than a reproduction of A. 

But if this bo a true statement of the nature of 
the process of Agamogenesis, how can it enable us 
to comprehend the production of now species from 
already existing ones ? Let us sup2>oso Hymuas 
to have preceded Dogs, and to have produced the 
latter in this way. Then the Hyaina will rejn*esent 
A, and the Dog, B. The first difficulty that j;)re- 
sents itself is that the Hysona must bo non-soxual, 
or the process will be wholly without analogy in 
the world of Agamogenesis. But passing over this 
difficulty, and su])posmg a male and female Dog to 
be produced at the same time from the Hymna 
stock, the progeny of the pair, if the amdogy of 
the simpler kinds of Agamogenesis Ms to be fol- 
lowed, should be a litter, not of pupi)ies, btit of 
young Hyaenas. For the Agamogcnetic stTies is 

^ If, on the contrary, wc follow the analogy of tho more (unij- 
plex forms of Agamogenesis, such as that cxhibih*d liy soih's 
Tremaix>da and by the tho Ilymiia must produce, non- 

sexually, a brood of sexloas Dogs, from which other sexless 
Dogs must proceed. At the end of a certain numb(*r of tcirms 
of the series, tho Dogs would ac(piiro sexes and goncraUi young ; 
but these young wodd be, not Dogs, hut Hyienaa In met, we 
hare demonstrated, in Agamogcnetic pluenomona, that inori fail )le 
recurrence to the original type, whic.h is assorted to be true of 
variations in general, by Mr. Darwin’s oi)ponents ; and whi(!h, 
if the assertion could be changed into a demonstration, woulcL 
in fact, he fatal to liis hypothesis. 
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ahvfiys,as we have seen, A : !> : A : B, &c, ; wliereas, 
for tlio production of a new species, tlio scries must 
bo A : B : B : B, &c. The production of new species, 
or genera, is the extreme permanent divergence 
from the primitive stock. All known Agamo- 
genetic processes, on tlie other hand, end in a com- 
plete return to the primitive stock. How then is 
the production of now species to be rendered 
intelligible by the analogy of Agamogenesis ? 

The other alternative put by Professor Kdlliker 
— the passage of fecundated ova in the course of 
their development into higher forms — ^would, if it 
occurred, be merely an extreme case of variation in 
the ]')arwiuian sense, greater in degree than, but 
perfectly similar in kind to, that which occurred 
when the well-known Ancon Ram was developed 
from an ordinary Ewe^s ovum. Indeed we have 
always thought that Mi\ T)arwin has unnecessarily 
hampered himself by adhering so strictly to his 
favourite Natura non facit sidtum.” Wo greatly 
susp(*(jt that she does make considerable jumjis in 
thc^. way of variation now and then, and that these 
saltations giv(^ rist‘- to some of the gaps which ap- 
]H‘ar to exist in tluj scjrios of kuiown forms. 

Htrongly and freely as we have ventured to 
disagree with Professor Kiilliker, we have always 
doiu^ so with regret, a.nd wo trust without violating 
that respe(tb whic-h is due, nob only to his scientific 
(uuin(‘nce and to the cun^ful study which he has 
vou 11 
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tlt^voiod to tlio Hul>j<‘(.*t, but 1.0 tlie pnfort lainioss 
of liisarouiueiibttion^Hnd tliogeiioroiis a]#|u*<'t‘ia1iou 
of tlio worth of Mr. Darwin’s labours whirli Ik* 
always disjdays. It woiil<l )h* saiisfir*t<jry 1o Jm* 
al)lo to say as juncb for M. Flourt‘ns. 

But tlic r(*rp(iiiiaJ Soctrotary of (lio Fromdi 
Academy of »Scu‘nc(*s deals with Mr.])ar\viu as the 
first Napoh^on would hav** treated an idt'oloi^un* ; 
and wliilo displaying a painful weak in ‘ss of Iooi<; 
and shallown(*ss of infonnation, assnnn-H a tone of 
authority, which always iointhos upon the ludicrous, 
and Roniotiin(*s passiss the. limits of o<H»d bn,*i‘<lino;. 

For oxanijile (p* 

“ M. Panvin t'oiitiinio ; ‘ AiH'unc diNtim-tiuii n’n »'t(' 

ci no |K‘ut f*tr« ctaljlic ciitiv Ic.s <*.sukv;i I»j» vant'fi’*;/ Ji* vouh 
ui (lit qi!<‘ V(HiK vous uin* di itiitclinu alonlin* 

K«'piiiv Ics vurii'U'H d’liviMt Ic-s 

ffr vnifs (U (/r/d f/U ; nioi, M, h* Se<*rdtain* pt^r-* 
putuel d<,‘ I’Actwlcmio dos Scioncos : i-t vous 

“ ‘ Qui n(*n, 

l*as iiiOnii; Acii(l4'niii‘i«'n ; ' 

what <lo you nuniu by Jisstwtin<.f tbn <*onlrary T’ 
Being d(Woi(l of the blessings of an Acinhuny in 
England, we are iiuuccustiunoil to H(‘o our ablest 
nuiii treated in this fashion, evt*u by a (Nwpo.iual 
Secretary/' 

Or again, considering that if th(*ro is any tmo 
(juality of Mr. Darwin's work to which friomls^tnd 
foes have alike bonu‘ wiiiuiss, it is his <'andouranil 



Ill 


CRITICISMS ON '' THE ORIGIN OP SPECIES 99 


fairness iu admitting and discussing objections, 
wliat is to be thoiiglit of M. Flourens’ assertion, 
tliat 

“M. Darwin nc cito que Ics antuurs qui pailagcnt scs 
opinions.” (P. 40.) 

Once more (p. 05) : — 

‘‘Enfin rouvrago do M. Dai*wm a paru. On nc pent qu'etre 
frai)j>c du talent de I’autcur. Mais quo dTdcos okseures, quo 
dldees fausses ! Quel jargon inolapliysique jcio nial ii propos 
dans Pliistoiro naturelle, qui tombo dans le galimatias des qu^elle 
sort des idoes claircs, des idoes justcs ! Quel langago prcteiitioux 
(it vide 1 Quolles person uillcations pue riles et suraiiiKics ! 0 
lucidite ! 0 solidilo do rc.'-q>rit Praiigak, (pie deveneii-vous ? ” 

“ Obscurt} ideas/^ metaphysical jargon/^ pre- 
tentious and empty language,” “ puerile and 
superannuated poi’sonifications.” Mr* Darwin has 
many and hot opponents on this side of the 
(ihaiiuel and iu Germany, but wo do not recollect 
to have found precisely those sins in the long 
catalogue of those lutherto laid to his charge. It 
is worth while, tliereforo, to examine into these 
diHCoveri<‘H effected solely by the aid of the 
“lucidity and solidity” of the mind of M. 
Floureus. 

According to M. Flourens, Mr. Darwin’s great 
error is that he has personilied Nature (p. 10), 
and further that ho lias 

** imaguKsd a natural sciloction ; lio imagines afterwards that 
this powt^r of H«l(‘cting {pm'mLr(t*4lir(i)\v\ik'h he gives to Nature 
is similar to the power of man. Tluise two suppositions ad- 

H 2 
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mittcd, nothing stops him : he plays wUli Nature as lie, likes, 
and makes her do all he ])Ieast‘s.” (T. n.) 

And this is tlio way M. Floureiis extin<4'uish(^}3 
natural selection : 

“Yoyonsdonc encore ime fois, (‘C (pi’i! pt-ut y avoir d(‘ fundc 
dans ce (ju’on nomine Section 'natiirelle,. 

election naiardh n’est sous iiu autre nom (pie la nature. 
Pour tin etre organise.', la nature n'est (pie rorgauisalion, ni plus 
ni moins. 

‘‘II faudra done aussi porsonnificr <‘t duv (pie 
Vorgaoiisatioii choisit V organisation, VUectnOh nntnrriy est 
cette forme sithstantielle (lont on joxiait autrefois avei! tant de 
facilite. Aristote disait cpio ‘Si Tart do hatir etait dans le hois, 
cut art agiraxt comino la iiatuiu’ A la pla(‘.(‘ d(! I'arf tb' hdfir 
M. Darwin mot Vdedmv natimliei et v/est tout un ; Tun n’esi 
pas i>lus chim(5ri(iUo (pxe TautiH*.” (P. J’t.) 

And this is really all that M. b1(>un‘n.s <‘an inak<‘ 
of Natural Selection. Wo liavi; ^ivou tlu; ori]L»’inal, 
in fear lest a translation should lx ^ ro'^anlod as a 
travesty; hut with tlui original hdort^ the readiu*, 
Ave may try to analyse the ]>as.sa.ii^<t. lAa* an 
organised being, Nature is only organisation, 
neither more nor h^ss.” 

Organised beings tlutu havat absolutely in^ 
relation to inorganic nalurtt: a plant do<\s not 
depend on soil or sunshine, (hmait^ (l<»pt li in tlut 
ocean, height abovc3 it; the (piantiiy of saliiut 
matters in water have no iidlueiKut upon animal 
life; the substitution of carbonic atjul fur (ocygon 
in our atiuosiiliero would hurt nobody 1 That 
these arti absurditicis no um shoubl know betUn* 
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tliiiii ]\1. Floiirctis; but tlieyaro logical dc<lnctions 
from the asHcrtioii just quotod, and from tlio 
further statement that natural selection means 
only that “organisation chooses and selects 
organisation.” 

For if it 1)0 once admitted (what no sane man 
d(Uii(‘s) that tlie chances of life of any given 
organism are inereased by certain conditions (A) 
and diminished by tboir opposites (B), then it is 
matliematically certain that any change of con- 
ditions in th('. direction of (A) will exercise a 
selective influence in favour of that organism, 
tending to its in<u'(‘ase and multiplication, wliile 
any clijuigii in th(^ din^ction of (H) will exorcise a 
s(*leotiv(^ inlliKMiee against that organism, tending 
to its (hx*r<‘ase and extinction. 

Or, on iluf other hand, conditions remaining the 
same, hit a givtui organism vary (and no one 
doul)t-s that th(iy do vary) iu two directions: into 
oiKi form (a) bi‘tt<T litbMl iu cope with these con- 
ditions tha,u the original .stoclc, and a second (Ji) 
hiss w<ill adapted to thiiin. Tlnui it is no less certain 
that tlus conditions in (question must cxcrciso a 
s(?l<iciivii iulhuiiu’e in favour of (a) and against Q>), 
so that {a) will bmd to predominance, and (/)) to 
<ixtirpation. 

That M. Floureiis should be unable to perceive 
the logiiial n(i(iessity of tb<‘se simphi arguments, 
which lie at tlui foundation of all Mr. l)arwi?i\s 
r(‘ast)niug ; that he should confound an irrefragable 
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ilediictioii from tliooKsoW'd n^lolion.s of ortraiiisms 
to the conditions whi<‘li li(‘. around wit.li a. 

metaphysical “ fonu(3Sul)stanti<‘IIf*/' or a. clunmncal 
personification of the {)owi*rs of Natuo*, would In- 
iucredihh), wore it not that oUnn* pas.-aoos of hi.i 
work leave uu room for donbt upon tlm .Ntihjoct, 


** On line rhr/wn (jia*, ]uMn' |*ln ot* 

luoui, nil lint <lit ctn* hmrtse.o'nfi^ sanw .s’apcn'fVuirtjUi' !«* 
sens liileral est la : vltYtim fl*. 

“J’ai (lit <!e ([u’il fuut |M‘.iis«'r ilc L%'lirf>»ut uttfur* lh\ On 
VUeetion natuirlk iiVst neii, on n’e.st la naiup* : inni^j la nalup* 
(Ifmiio (Uh'diuih^ luais la nature person nill/^e : dernirri' ♦ ricfir dti 
deni ioi* siuclo ! Lc xix” no fait plun de perHounitinidinn,;/’ (P. 
r/,i) 

M. Flourcus cannot imaoiit(i an unconscionn 
selection — it is for him a (jontradiclion In t<‘r!ns. 
Did M. Flotirens (*V(‘r visit on(‘ of tint protftosf« 
watcrini^^-phicos id* “la Intlfit Franco/’ the P»ah* 
d*Arctichon ? If so, Int will prohaldy ha.ve passed 
through the (listri(tt of tint La-ndes, ami will have 
had an opportunity of ohs(trving the formal i<m of 
** dunes’’ on a grand scale, What are thestt 
dunes The winds ami wavers of the Pay of 
Biscay liavo not much consciousness, a.ml yet they 
have with great car(i " selected,'’ from among an 
infinity of masstis of sih^x of aJl shapt'S and si/.f's, 
which hav(i submitted t<» Unar a<*tion,aIl tlu» 
gra-ins of sand below a. certain sii^e, and have 
heaped them by ihems(dv(‘S ever a. great area. 
This sand has been ‘'unconsciously sithicbal *' from 
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amidst tlie gravel in wliicli it fii’st lay witli as 
much precision as if man had consciously 
selected it by the aid of a sieve* Physical 
Geology is full of such selections — of tlio picking 
out of the soft from the hard, of the soluble from 
the insoluble, of the fusible from the infusible, by 
natural agencies to which wo are certainly not in 
the habit of ascribing consciousness. 

But that which wind and sea arc to a sandy 
beach, the sum of influences, which we term tlio 
“ conditions of existence ” is to living organisms. 
The weak are sifted out from the strong. A frosty 
night selects ” the hardy plants in a plantation 
from among the tender ones as effectually as if it 
were the wind, and they, the sand and pebbles, of 
our illustration ; or, on the other hand, as if the 
intelligence of a gardener had been operative in 
cutting the weaker organisms down. The thistle, 
which has spread over the Pampas, to the de- 
struction of native plants, has been more effectually 

s(d( 5 cted ’’ by the unconscious operation of natural 
conditions than if a thousand agriculturists had 
spent their time in sowing it. 

It is one of Mr. Darwin’s many great services 
to Biological science that he has demonstrated the 
significance of these facts. He has shown that — 
given variation and given change of conditions — 
the in(wita})1o result is the exorcise of such an 
infiinnico upon organisms that one is liclpod and 
another is im])oded; one tends to predominate, 
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anyiliiu*^ bufe ubsolutro uf .soiiim of tli,» 

befit tiHtal)Iifiho<l facts, ibat wa should liavf, ]jassf‘«l 
it over ia fiihjiiotj had il» n<‘t aj>[u*nn‘d 1o afford 
fiuant clue to AI. h'lourens’ uidi<‘sifaf it% d. yo’ot/*/, 
n^pndiatiou of all Ibrius of tlio do<‘(riiH* <»r pro- 
^n’cssivc luodification of livia.i^ b(;iii‘^'fi. Ho. wlats** 
mind remains uniiiHuoiic(‘<l l»y an a(‘i}maint.'inf*o 
with thti phanmmona of dovolMpmonf, miisl indo<«d 
lack oiu‘. of the. chad iiH>fiv(‘.s towards iho 
(‘iid(‘av<mr to trac<^ a j^onoti^j rolatioii botwooii 
the diHoront (existing forms of 1dios<‘ svliu 

ani iguoraiit of (ioology, find no jliflioidfy in 
b(?licving that the, world was imulo as it is; anti 
the Hb(^[dierd, uiituton^l ia bistory, st*oH mt roasort 
t<^ regard the grciui imainds wldoh halioafo. tho 
sit<^ of a Boman <*.am]>, as anglil: but paH. arttl 
parcel of th<^ primawa.! hill-sidi*. So Klourons, 
who belio-vts tliat embryos luv, fonufal toid d'un 
cou[)/^ naturally finds no ditlieulty in oonc<'iving 
that species came into exisUmeu in the samii 
way. 
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(JoKSiDEiiiNG iluil. Germany now takes the < 
ilio world in Hciontific investigation, and partici 
larly in biology, Mr. Darwin must bo well please 
at the rapid spread of bis views among some < 
tbo ablest and most laborious of Germa 
naturalists. 

Among those. Professor Haeckel, of Jena, is tl 
Coryplijons. I know of no more solid and impor 
a.nt cont.ribntions to biology in the past sevc 
yt^irs tba,n llattcki^rs work on tlie “ Iladiolaria 
and tlui roS(iarclies of bis distinguished collcagi 
G(‘g(^nb{Uir, in vo.rii^brato anatomy; while 
Haiic^kors (Jl<iimr<‘,llo, Morphologic” there is i 
th<^ force,, sngge,stivcucss, and, whnt F may ter 

^ 7V//J Nfdurttl Ubihru of I'y Dr. ICrnsL 

\N((tUrlMn' SMpfiu^i»obT,i^hii'hli\- Von Dr. ICmit 
l‘rt»lVMHor au (l<‘r Uuivnrsitiil .Joua.J IJorUti, 18r>H, 
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tlic systematising power, of Okon, without his ex- 
travagance. The ‘"Ocnerelle Ifoi'pliologit^ ” is, in 
fact, an attempt to pnt the Doetrine of Evolution, 
so far as it apj>lit‘s to tli<i living M'orl<l, into a. logi(*aI 
form ; and to work out its ]>radi(*al a]»plieations !♦> 
tlieir final results. The work ]M‘font us, again, may 
be said to bo an ex})osiiinn <d‘ (he “ ( !<*nerelle, 
Morph<)l()gi(‘ ” for an educated ])iiblie, (*onsisfing, 
as it do(\s, of tin.* snbsta.nr(* of a s<‘rios of hu'lures 
delivered l)efon} a iuix(*d audiema* at d(‘na, in tin? 
session 1<S()7“S. 

“The Natural History of < h-eaiion,” ■■ or, as 
Professor Ha<‘ekel admits it would have been 
biittor to call bis work, “The History of (In* 
Dovelopinout (»r Evolution of Nat are, ’t nleals, in 
the first six lectures, with the. general and liis- 
torical aspiud.s of the ([uestion and coni, a, ins a. very 
int(‘n‘sting and lucid ac<;ount of the views of Liu- 
nteus, (hivica-, Agassiji, (ioeth<‘, (Ho^n, Kant, 
Lamarck, Lyell, and Darwin, ami of the historical 
filiation oftluise philosophers. 

Tlui lu'xt six l(‘.ctunis ani (»ccupi(Ml by a wa^lL 
digested stabmumt of Mr. Darwin’s views. The 
thirt(‘.enth lecture discnsscis two topics whmh ari* 
not t(m(‘bed by Mr. Darwin, mum‘iy, the origin of 
the prestmt form of the solar systom, ami tliat of 
living matter. Full justictu's done to Kant, as the 
originator oi that ‘'c(»smi(j gas th(‘ory/' m the 
GtTmans somewhat <juaintly (‘all it, whu^h is 
commonly ascrilxsl to LaplatM*. With r<.‘spe<!t tc* 
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spontaneous generation, wliilo admitting tliat there 
is no exi)orinu‘nlal evidence in its favour. Professor 
Haeckel denies the possibility of disproving it, and 
points out that the assumption that it has occurred 
is a necessary part of the doctrine of Evolution. 
The fourteenth lecture, on “ Schopfungs-Porioden 
und Schopfungs-TJrkunden,'* answers pretty much 
to the famous disquisition on the Imperfection 
of the Geological Record in the Origin of 
Species/' 

The following five lectures contain the most 
original naatter of any, being devoted to Phylo- 
gony," or the working out of the details of the 
process of Evolution in the animal and vegetable 
kingdoms, so as to prove the line of descent of 
each group of living beings, and to furnish it 
with its proper genealogical tree, or phylum." . 

The last lecture considers objections and sums 
up the evidence in favour of biological Evolution. 

I shall best testify to my sense of the value of 
the work thus briefly analysed if I now proceed to 
note down some of the more important criticisms 
which have been suggested to me by its perusal. 

I. In more than one place, Professor Haeckel 
enlargcjs upon the service which the Origin of 
Species '' has done, in favouring what he terms 
the ‘‘ causal or mechanical " view of living nature 
as opposed to the ‘Heleological or vitalistic" view. 
And no dotiht it is quite true that the doctrine of 
Evolution is the most formidable opponent of all 
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tlic roiumouor and coarst*r forms of ToIooIu^t. 
Blit perlxips tliu most remarkjd)Io si‘rvi<*<* 1o ilu* 
philosophy of Biology rendered ly Mi\ Darwin is 
the reconciliation of Teleolt)gy and Morpholo^^y, 
and the explanation of the facts of holh \sliieit his 
views offer. 

The Teleology which suppost's iJiat the <ye, 
such as we see it in man or om) of i ho. liiglior / Vy/r* 
hratat was made with tlu^ |tr(‘<*is<‘ stnn'fan* whi(‘h 
it exhibits, for the purpo,se of <^ll^d)Jing• tin* uniimi.l 
which possesses it to see, has undoubtedly re(‘t*ived 
its death-blow. Nevertheless it is m‘<,‘i‘ssiuy to 
remember that there is a wid(*r Tt^h‘oh*gy, whiclt 
is not tonehed by the dotdriiin. of Kv<>lu<ion, hut is 
actually based upon tlui fundamtMital proposition 
of Evolution. Tliat proposition is, that tin? whole 
world, living and not living, in the* nssuU of the. 
mutual interaction, according to <lellnitt< laws, of 
the hams possess(‘d hy the molecuhys of wlu(^h tin* 
primitive nebulosity oftlui univ(u*se was (Muuposod 
If this be true, it is no less certain that the tixisl ing 
world lay, potentially, in the cosmic vap<»ur ; and 
that a sufficient iutelligonco could, from a know- 
ledge of the pro 2 )ertie,s of the molecules of that 
vapour, have iiredicted, say tlie ntaUi of the Fauna 
of Britain in 1869, with as much cmiaiuty as (»m* 
can say what will hap])cn to the vapour of th(j 
breatli in a cold winter’s day. 

Consider a kitchen clock, wliich ti<*ks loudly, 
shows the hours, minutes, and seconds, strikes, 
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cries cuckoo 1 ” and perhaps shows the phases of 
the moon. Wlion the clock is wound up, all the 
phenomena which it exhibits are potentially con- 
tained in its mechanism, and a clover clockmaker 
could jjredict all it will do after an examination of 
its structure. 

If the evolution theory is correct, the mole- 
cular structure of the cosmic gas stands in 
the same relation to the phenomena of the 
world as the structure of the clock to its pheno- 
mena. 

Now let us suppose a death-watch, living in the 
clock-case, to be a learned and intelligent student 
of its works. He might say, “ I find here nothing 
but matter and force and pure mechanism from 
beginning to end,’’ and he would be quite right. 
But if he drew the conclusion that the clock was 
not contrived for a purpose, he would be quite 
wrong. On the other hand, imagine another 
death-watch of a different turn of mind. He, 
listening to the monotonous “tick! tick!” so 
exactly like liis own, might arrive at the conclusion 
that the clock was itself a monstrous sort of 
death-watch, and that its final cause and purpose 
was to tick. How easy to point to the clear 
relation of the whole mechanism to the pendulum, 
to the fact that the one tiling the clock did always 
and without intermission was to tick, and that all 
the rest of its phenomena were intermittent and 
subordinate to ticking I For all this, it is certain 
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that kitchen clocks arc not contrived for the 
purpose of making a tickiiig noise. 

Thus the teleological theorist would he as wrong 
as the mechanical theorist, among our death- 
watches; and, probably, the only death-watch wIjo 
would be right would be the one who should 
maintain that the solo thing death-watches could 
be sure about was the nature of the clock-works 
and the way they move; and that the purpose of 
the clock lay wholly beyond the purview of beetle 
faculties. 

Substitute cosmic vapour^' for “clock,” and 
“molecules” for “works,” and the application 
of the argument is obvious. The tcdeological 
and the mechanical views of nature are not, 
necessarily, mutually exclusive. On the contrary, 
the more purely a mechanist the speculator is, tlui 
more firmly does ho assume a primordial mo- 
lecular arrangement, of which all the phenomena 
of the universe are the conse(pienct^s ; and 
the more completely is he thorehy at the 
mercy of the teleologist, who can alw;iys didy 
him to disprove that this primordial mol(‘cnIar 
arrangement was not intended to evolve 
the phenomena of the universe. On the other 
liand, if the teleologist assort that this, that, or 
the other result of the working of any jjurt of the 
mechanism of the universe is its jmrposc a,nd final 
cause, the mechanist can always iiuiuire how he 
knows that it is more than an unessential imuihuit 
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— U]<‘ iiK’Vi* tickiu,^' <»i* llie clock, Avliicii lie liiistakes 
for its function. Ami there seems io bo no reply 
to this impiiry, any more tliau to tlio further, not 
irrational, (piestioii, why trouble one's self about 
mntters which are <»ut of reach, wlicn tlio working 
of the mochaiiism its<ilf, which is of infinite 
}>ru(‘tieal importance, atiords scope for all our 
outTgies ? 

Professor Ifaeckel has invented a now and con- 
v<‘.nieut naiiie Dysteleology/’ for the study of 
i.htj “ purposclossiK^ssos" which .are observable in 
living organisms — such as the multitudinous cases 
of rndiiiKJuhiry and apparently useless structures. 
1 confess, bow(?ver, that it has often ai>pearcd to 
nu^ that the facets of Dystelcology cut two ways. 
If wc are to assume, as evolutionists in general do, 
that useJoss organs atropljy, such cases as the 
(‘xisteuce of lateral rudiments of toes, in the foot 
of a liorsc, ])1acc us in a dilemma. For, either 
tlu^S(^ rudiments are of no use to tlu‘. animal, in 
whi<*h ease, considt^ring that tlui horse has existed 
in its pn‘S(‘ut form since the Idioe.ene (^po(di, they 
sun‘ly ought to ha.va‘ disa,]>]K*ar(‘d ; or they arc of 
som<‘ use to tlu^ animal, in which cUvSc they are of 
no use. as arguimuits against T(dt‘ology. A similar, 
but still strongt'r, argument may hi) based upon 
the (‘xishuKM'. of t<‘ais, and evcMi functional mam- 
mary glands, in mah^ mammals. Numerous cases 
of (iyinucomasty," or functionally active breasts 
in m<‘n, are on r(‘<N)rd, though tlu're is no mam- 

VOL. 11 I 
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nialian spccios whatever in which the male n^r- 
lually suckles tlio yonug. Thus, llien^ can bt* 
little doubt tluit the niamiiuiiy gland was as 
aj^parently useless in the reinutesi male mam- 
malian ancestor of man as iu living men, and y(‘t 
it has not disai^peared. Is it then still 
to the male organism to retain it ? Possibly ; but 
in that case its dysteleological value is goiuid 

II. Professor Kacckel looks upon tlu^ C{iust‘s 
which have led to the present diversity of living 
nature as twofold. Living matt(ir, lie tells us, is 
urged by two impulses: a centripetal, whi(di tends 
to preserve and transmit the speeiti<‘, form, and 
which he ideutifuis with heredity; and a eentri- 
fugal, which n^sults from the l-endemy ol‘ (*xt.i*rnal 
conditions to modify the orgariism an<l tdfeet its 
ada])tation to themselves. Ilie inhuaial impulse 
is conservative, and i<mds to th({ j)r<‘S(U‘va.f.ion <d* 
spocilic, or individual, form ; tlH‘ (‘xtcTJial impulsci 
is metamorpliic, and ttuids to the modifavation of 
specific, or individual, form. 

In developing his views upon this Huhjetik 
Professor Haeck<d introduces <juaIili<:ations wlthdi 
disarm some of the critieJsms I slumld hav<» lM*en 
disposed to offer; hut I think that his m(‘tliod of 
stating the case has the inconvtuiiemHi of tiuiding 
to leave out of sight the important fa<d.— whic^h is 
a cardinal point in the Darwinian hypoth<‘siH — 

[The Tccoiit <liKr()vory of tlic* important part playc<| by tin* 
Thyroid gl.and should bo a warning to all Hpo<*ulatorH about 
useless organs. 3 HOtl ] 
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that tlie tendency to vaiy, in a given organism, may 
have nothing to do with the external conditions to 
which that individual organism is cxj)osed, but 
may deiDcnd wholly njpon internal conditions. No 
one, I imagine, would dream of seeking for the 
cause of the development of the sixth finger and 
toe in the famous Maltese, in the direct influence 
of the external conditions of his life. 

I conceive that both hereditary transmission 
and adaptation need to be analysed into their 
constituent conditions by the further application 
of the doctrine of the Struggle for Existence. It 
is a probable hypothesis, that wluit the world is to 
organisms in general, each organism is to the 
molecules of which it is composed. Multitudes of 
these, having diverse tendencies, ai’o competing 
with one anotlior for opportunity to exist and 
multiply; and the organism, as a whole, is as 
much the product of the jnolecules which are 
victorious as the Fauna, or Flora, of a country is 
tlio product of the victorious organic beings in it. 

On this hypoUic‘sis, hereditary transmission is 
tlie result of the victory of particular molecules 
contained in the impregnated germ. Adaptation 
to conditions is the result of the favouring of the 
multiplication of those molecules whoso organising 
tendencies are most in harmony with such 
conditions. In this view of the matter, conditions 
are not actively productive, but are ])assively 
])crmissive ; tiny do not cause variation in any 
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given direction, Init they permit aanl favour a 
tendency in that direction which already exists. 

It is true that, in the long run, the origin of 
the organic molecules themselves, and of their 
tendencies, is to be sought in the external world ; 
but if we carry our inquiries as far l)ack as this, 
the distinction between internal and external 
impulses vanishes. On the otlior liand, if we 
confine ourselves to the consideration of n single 
organism, I think it must be admitted that the 
existence of an internal mctauiorjdiic tend(‘ney 
must bo as distinctly recognised as tliat of an 
internal conservative tendency; and that, (lu‘ 
influence of conditions is mainly, if not wholly, 
the result of the extent to which th(iy favour tlui 
one, or the other, of these tendencies. 

III. There is only one point upon wlimli 1 
fundamontally and entirely disagiv(i with Proiesjior 
Haeckel, but that is tlie very imporiant oia^ of 
his conception of geological tiim*, and of th(‘ 
meaning of the stratified rocks as n‘<*ords and 
indications of that time^. Coaetdving that, 
stratified rocks of an epoch indicai(i a period of 
depression, and that the intervals h(dAV(*(‘n the 
epochs correspond with periods of (devation of 
which wo have no record, ho iui,orcalateH b(‘iw(i(uj 
the different epochs, or periods, intervals whi(di 
terms “Ante-periods/' Thus, instead of con- 
sidering the Triassic, Jurassic, (jreiac(jouH, an<l 
Eocene periods, as continuously successive, he 
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interposes a period before each, as an. “ Antetrias 
zeit,^’ ''Antejura-zeit,” Antecreta-zei V ‘'"Antco- 
cenzeit,'’ &c. And he conceives that the abrupt 
changes between the Faunse of the different forma- 
tions are due to the lapse of time, of which we have 
no organic record, during their Ante-periods ” 

The frequent occurrence of strata containing 
assemblages of organic forms which are inter- 
mediate between those of adjacent formations, is, 
to my mind, fatal to this view. In the well- 
known St. Cassian beds, for example, Palmozoic 
and Mesozoic forms arc commingled, and, between 
the Crctacepus and the Eocene formations, there 
arc similar transitional beds. On the other hand, 
in the middle of the Silurian scries, extensive 
unconformity of tlie strata indicates the lapse of 
vast intervals of time between the deposit of 
successive beds, without any corresponding change 
in the Fauna. 

Professor Haeckel will, I fear, think me unreason- 
able, if I say that he seems to be still overshadowed 
by gciological superstitions ; and that he will have 
to believe in the completeness of the geological 
record far loss than he does at present. He assumes, 
for example, that there was no dry land, nor any 
terrestrial life, before the end of the Silurian epoch, 
simply hecausc, up to the present time, no indica- 
tions of fresh water, or terrestrial organisms, have 
been found in rocks of older date. And, in 
speculating upon the origin of a given group, he 
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rarely goes further back tlian tlie Aiifce-period,” 
which precedes that in whicli the remains of 
animals belonging fco that groii]3 are found. Thus, 
as fossil remains of the majority of the groups of 
Bcptilia are first found in the Trias, they are 
assumed to have originated in the ^‘Aiifcetiriassic '' 
period, or between the Permian and Triiussic 
epochs. 

I confess this is wholly incredible to mo. The 
Permian and tlie Triassic deposits pass completely 
into one another ; there is no sort of disiioutinuity 
answering to an unrecorded Antetrias ; and, 
what is more, wo have eviflenco of immensely 
extensive dry land during the formation of those 
deposits. We know that the dry land of the Trias 
absolutely teemed witli roi^tiles of all groups 
except Pterodactyles, Snakes, an<l perbai)S Tor- 
toises ; there is every probability that truo Birds 
existed, and Mammalia certainly did. Of the in- 
habitants of the Permian dry laud, on the contrary, 
all that have left a record arc a few lizards. Is it 
conceivable that these last should really represent 
the whole terrestrial population of that time, and 
that the development of Mammals, of Birds, and 
of the liighest forms of Eeptiles, should have boon 
crowded into the time during which the Permian 
conditions quietly passed away, and the Triassic 
conditions began ? Does not any such supposition 
become in the highest degree improbable, when, 
in the terrestrial or fresh- water Labyrinthodonts, 
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which lived on tlio laud of the Oarbomfcrous epoch, 
as well as on that of the Trias, we have evidence 
that one form of terrestrial life persisted, through- 
out all th(?so ages, with no important modification ? 
For my piart, liaving regard to the small amount 
of modiiication (except in the way of extinction) 
which the Crocodilian, Lacertilian, and Cheloiiian 
Jueplilia have undergone, from the older Mesozoic 
times to the present day, I cannot hut put the 
(‘xistence of the common stock from which they 
sprang far hack in the Paheozoic epocli ; and I 
should api)ly a similar argumentation to all other 
groups of animals. 


pI1i(} ivTiiJiiiulf'T of this OHsay con taiiiH a disoxissioii of ctnostions 
of tax«)nf>iny and rliylogcny, which is now aiitifinatod. I have 
reprinlitd tlui (joiisidtjratious about tlie reconciliation of Teleology 
with M<n*i)hology, about Dyatel oology,” and about the stniggle 
for (^xi.stcnco within the organism, because it has happened to 
me to be, charged with overlooking them. 

In discussing Teleology, I ought to liavo pointed out, as X 
have doncs clsewhcn’, of Ohdivlcs JDctT'witi, voL ii. 

p. 202), that Talcy “ prolcptically accepted the mod(n*n doctrine 
of Evolution,” {Natural Thcohny, chap, xxiii.). 1893.] 
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The gradual lapse of time lias now separated usliy 
more than a decade from the date of the publi- 
cation of the Origin of Species ” — and wliatcver 
may be thought or said about Mr. Darwin’s doc- 
trines, or the manner in which he has 2:)ropoundod 
them, this much is certain, that, in a dozen years, 
the “ Origin of Species ” has worked as complete a 
revolution in biological science as the “ Principia ” 
did in astronomy— and it lias clone so, because, in 
the words of Helmholtz, it contains '' an essentially 
new creative thought,” ^ 

And as time has slipp'ed by, a happy change 

^ 1 ConiTibutioiis to the Theory of Nntximl Bclcction., By 
A. K. Wallace. 1870, — 2. The Chnesis of BycHce. By St. George 
Mivart, F.R.S. Second Edition. 1871. — Darwin's Descent 
of Man. Qitarterly Hemexo, July 1871 . 

^ Helmholtz • Ucher das Zkl nnd die FortsehriUe der JSfakir- 
wisscnscliaft, Eroflfnungsrede fur dio Haturfordchorversanim- 
lung zu Innsbrnck. 1869. 
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has como over Mr. Dainvin's critics. The mixture 
of ignorance and insolence which, at first, cliaracter- 
ised a large proportion of the attacks with which 
he was assailed, is no longer the sad distinction of 
anti-Darwinian criticism. Instead of abusive non- 
sense, which merely discredited its writers, wo read 
essays, which are, at worst, more or less intelligent 
and appreciative ; while, sometimes, like that 
which appeared in the “ North British Review ” for 
1867, they have a real and permanent value. 

The several publications of Mr. Wallace and Mr. 
Mivart contain discussions of some of Mr. Darwin’s 
views, which are worthy of particular attention, not 
only on account of the acknowledged scientific 
competence of these writers, but because they ex- 
hibit an attention to those philosophical questions 
wliich underlie all physical science, which is as rare 
as it is needful. And the same may be said of an 
article in the “ Quarterly Review ” for July 1871, 
the comparison of which with an article in the 
same Review for July 1860, is perhaps the best 
evidence which can be brought forward of the 
change which has taken place in public opinion 
on'" Darwinism.” 

The Quarterly Reviewer admits the certainty 
of the action of natural selection ” (p. 49) ; and 
further allows that there is an a ^mori probability 
in favour of the evolution of man from some lower 
animal form, if these lower animal forms them- 
selves have arisen by evolution. 
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Mr, Wallace and Mr. Mivart go much further 
than this. They are as stout believers in evolution 
as Mr. Darwin himself; but Mr. Wallace denies 
that man can have been evolved from a lower 
animal by that process of natural selection which 
he, with Mr. Darwin, holds to have been sufficient 
for the evolution of all animals below man ; while 
Mr. Mivart, admitting that natural selection has 
been one of the conditions of the evolution of the 
animals below man, maintains that natural se- 
lection niTist, even in their case, have been supple- 
mented by some other cause — of the nature of 
which, unfortunately, ho does not give us any idea. 
Thus Mr. Mivart is less of a Darwinian than Mr. 
Wallace, for ho has less faith in the power of 
natural selection. But he is more of an evolutionist 
than Mr. Wallace, because Mr. Wallace thinks it 
necessary to call in an intelligent agent — a sort of 
supernatural Sir John Sebright — to produce even 
the animal frame of man; while Mr. Mivart re- 
quires no Divine assistance till ho comes to mn.n's 
soul. 

Thus there is a considerable divergence between 
Mr. Wallace and Mr. Mivart. On the other hand, 
there are some curious similarities between Mr. 
Mivart and the Quarterly Eeviewer, and thoscj 
are sometimes so close, that, if Mr. Mivart thought 
it worth while, I think he might make out a 
good case of plagiarism against the Reviewer, who 
studiously abstains from quoting him. 
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Both the Keviewer and Mr. Mivart repioacli Mr. 
Darwin with being, “ like so many other physic- 
ists/' entangled in a radically false metaphysical 
system, and with setting at nought the first 
principles of both philosophy and religion. Both 
enlarge upon the necessity of a sound philo- 
sophical basis, and both, I venture to add, make a 
conspicuous exhibition of its absence. The 
Quarterly Reviewer believes that man differs 
more from an elephant or a gorilla than do these 
from the dust of the earth on which they tread,” 
and Mr. Mivart has expressed the opinion that 
there is more difference between man and an ape 
than there is between an ape and a piece of 
granite.^ 

And even when Mr. Mivart (p. 8G) trips in a 
matter of anatomy, and creates a difficulty for Mr. 
Darwin out of a supposed close similarity between 
the eyes of fishes and cephalopods, which (as 
Gegenbaur and others have clearly shown) does 
not exist, the Quarterly Reviewer adopts the 
argument without hesitation (p. 6G). 

There is another important point, however, in 
wliich it is hard to say whether Mr, Mivart 
diverges from the Quarterly Reviewer or not. 

The Reviewer declares that Mr. Darwin has, 
with needless opposition, set at nought the first 
principles of both philosophy and religion” (p. 
90). 

^ See the TMct for March 11, 1871, 
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It looks, at first, as if this meant, that Mr. 
Darwin’s views being false, the opposition to 

religion ” which flows from them must bo need- 
less. But I suspect this is not the right view of 
the meaning of the passage, as Mr. Mivart, from 
whom the Quarterly Reviewer plainly draws so 
much inspiration, tells us that “ the consequences 
which have been drawn from evolution, whether 
exclusively Darwinian or not, to the prejudice of 
religion, by no means follow from it, and are in 
fact illegitimate” (p. 5). 

I may assume, then, that the Quarterly 
Reviewer and Mr. Mivart admit that there is no 
necessary opposition between evolution whoilior 
exclusively Darwinian or not,” and religion. But 
then, what do they mean by this last much- 
abused term ? On this point the Quarterly 
Reviewer is silent. Mr. Mivart, on the contrary, 
is perfectly explicit, and tlic whole tenor of his 
remarks leaves no doubt that by rciligion ” he 
means theology ; and by theology, that particular 
variety of the great Proteus, which is expounded 
by the doctors of the Roman Catholic Church, and 
held by the members of that religious community 
to be the sole form of absolute truth and of saving 
faith. 

. According to Mr. Mivart, the greatest and most 
orthodox authorities upon matters of Catholic 
doctrine agree in distinctly asserting derivative 
creation” or evolution; "'and thus their teachings 
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harmonise with all that inodorn science can 
possibly require ” Tp. 305). 

I confess that this bold assertion interested me 
more tluiii anything else in Mr. Mivart’s book. 
What little knowledge I possessed of Catholic 
doctrine, and of the influence exerted by Catholic 
authority in former times, had not led me to 
expect that liiodern science was likely to find 
a warm welcome within the pale of the greatest 
and most consistent of theological organisations. 

And my astonishment reached its climax when 
I found Mr. Mivart citing Father Suarez as his 
chief witness in favour of the scientific freedom 
enjoyed by Catholics — ^tho popular repute of that 
learuod theologian and subtle casuist not being such 
a.s to make his works a likely place of rofugo for 
liberality of thought. But in these days, when 
Judas Iscariot and Robespierre, Henry VIII. 
and Catiline, have all been shown to be men of 
admirable virtue, far in advance of their age, and 
conse([ueuily the victims of vulgar prejudice, ib 
was obviously possible that Jesuit Suarez might 
bo in lik(i case. And, sjmrred by Mr. Mivart’s 
un]i(*.sitaiiug declaration, I hastcruKl to acquaint 
myself with such of the works of the great Catholic 
divine as bore upon the question, hoping, not 
merely to accpxaiut myself with the true teachings 
of the infallible) Church, and free myself of an 
unjust prejudice ; bxit, haply, to enable myself, at 
a jiinch, to put some Protestant Ihbliolator to 
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shame, by the bright exain 2 )le of Catliolic freedom 
from tlio trammels of verbal msijiratioii. 

I regret to say that my anticipations have been 
cruelly disappointed. But the extent to which 
my hopes have been crushed can only be fully 
appreciated by citing, in the first place, those 
passages of Mr. Mivart’s work by which they wei-o 
excited. In his introductory chapter I find the 
following passages : — 

'‘The prevalence of this theory [of evolution] 
need alarm no one, for it is, without any doubt, 
perfectly consistent with the strictest and most 
orthodox Christian^ theology’’ (p. 6). 

"Mr. Darwin and others may ])crha2’>s bo 
excused if they have not devot>(al much time to 
the study of Christian philosophy ; but they have 
no right to assuluo or accept without caroful ex- 
amination, as an unejuestionod fact, tliat in tlint 
philosophy there is a necessary antagonism 
between the two ideas ' creation ’ and ' (Solution,’ 
as applied to organic forms. 

" It is notorious and patent to all who choose to 
seek, that many distinguislu^d Christian thinkcirs 
have accejoted, and do accept, botli idcias, i.c, both 
‘ creation ’ and ' evolution/ 

"As much as ton years ago an eminently 
Christian writer observed : ' The creationist itn^ory 
does not necessitate the porj3otual search tifter 

1 It should 1)15 obsorv(‘d that Mr. MiviiH (Mnuloys the tmn 
“ Christian ” as if it wore lliu (‘(luivalent of “ Catholiu," 
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inanifestatioxis of miraculous power and perpetual 
“catastro})lies.” Creation is not a miraculous 
interference with the laws of Nature, but the very 
institution of those laws. Law and regularity, 
not arbitrary intervention, was the patristic ideal 
of creation. With this notion they admitted, 
without difficulty, the most surprising origin of 
living creatures, provided it took place by law. 
They held that when God said, Let the waters 
produce,” Lot the earth produce,” Ho conferred 
forces on the elements of earth and water which 
enabled them naturally to produce the various 
species of organic beings. This power, they 
tlmught, remains attached to the elements 
throughout all time.’ The same writer quotes 
St. Augustin and St. Thomas Aquinas, to the 
effect that, ^ in the institution of Natui'e, we do not 
look for miracles, but for the laws of Nature.’ 
And, again, St. Basil speaks of the continued 
operation of natural laws in the production of all 
organisms. 

So much for the writers of early and modioeval 
times. As to the present day, the author can 
conlidently affirm ihat there arc many as well 
vm*sed in theology as Mr. Darwin is in his own 
d(q)artment of natural knowledge, who would not 
be disturbed by tho thorough demonstration of his 
th<!ory. Nay, they would not even bo in the least 
painfully aifected at witnessing the generation of 
animals of complex organisation by the skilful 
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artificial arrangement of natural forces, and tlio 
production, in the future, of a fish by means 
analogous to those by which we now produce 
urea. 

‘'And this because they know that the possi- 
bility of such phenomena, though by no moans 
actually foreseen, has yet been fully provided for 
in the old ijhilosophy centuries before Darwin, or 
even centuries before Bacon, and that their place in 
the system can be at once assigned them witliout 
even disturbing its order or marring ils harmony. 

" Moreover, the old tradition in this j-espeet lias 
never been abandoned, however much it may have 
been ignored or neglected by some modern wrii.cn-s. 
In proof of this, it may ho observed that perhaps 
no post-media)val theologian has a widen* recc^ptiou 
amongst Christians throughout tlie world than 
Suarez, who has a scpai'ate section ^ in opposil.ion 
to those who maintain the distinct creation of th(‘ 
various kinds — or sulistantial forms — of organic 
life" (pp. 19--21). 

Still more distinctly does Mr. Mivart cxpi-ess 
himself in the same sense, in his last chaj>t(n*, 
entitled " Theology and Kvolutiou " (pp. 1102-5). 

" It appears, then, that Christian thinkers 
perfectly free to accept tlic general cvolui.ion 
theory. But are there any theological authorities 
to justify this view of the matter ? 

^ Suarez, MctapUyaica, KdiLiou Vive.s. Palis, IStJS, vol. i. 
Diaput. XV. § 2. 
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“Now, considering how extremely recent are 
these biological speculations, it might hardly be 
expected d priori that writers of earlier ages 
should have given expression to doctrines 
harmonising in any degree with such very 
modern views; nevertheless, this is certainly 
the case, and it would bo easy to give numerous 
examples. It will bo better, however, to cite one 
or two authorities of weight. Perhaps no writer 
of the earlier Christian ages could be quoted whose 
authority is more generally recognised than that 
of St. Augustin. The same may be said of the 
mediicval period for St. Thomas Aquinas: and 
since the movement of Luther, Suarez may 
bo taken as an authority, widely venerated, 
and one whose orthodoxy has never been ques- 
tioned, 

“ It must be borne in mind that for a consider- 
able time even after the last of these writers no 
one had disputed the generally received belief as 
to the small age of the world, or at least of the 
kinds of animals and jilants inhabiting it. It 
becomes, therefore, much more striking if views 
formed under such a condition of opinion are 
found to harmonise with modern ideas con- 
cerning ' Creation ’ and organic Life, 

“ Now St. Augustin insists in a very remarkable 
manner on the merely derivative sense in which 
God's creation of organic forms is to be under- 
stood ; that is, that God created them by confeiring 

VOL. II K 
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on the material world the power to evolve them 
under suitable conditions.” 

Mr. Mivart then cites certain passages from St, 
Augustin, St. Thomas Aquinas, and Cornelius k 
Lapide, and finally adds : — 

‘‘As to Suarez, it will bo enough to refer to Disp, xv, s(*,c. 2, 
No. 9, p, 608, t. i. edition Vivds, Paris ; also Nos. If3 — 15. 
Many other references to the same effect could easily bo given, 
but these may suffice. 

“It is then evident that ancient and most venerable theo- 
logical authorities distinctly assert derivative creation, and 
thus their teachings harmonise with all that modern science 
can possibly req^xiire.” 

It will be observed that Mr. Mivart refers solely 
to Suarez’s fifteenth Disputation, though ho ad<ls, 

Many other references to the same effect could 
easily be given.” I shall look anxiously for these 
references in the third edition of the Genesis of 
Species.” For tlie present, all I can say is, tliat 
I have sought in vain, either in the fifteenth 
Disputation, or elsewhere, for any passage in 
Suarez’s writings which, in the slightest dogroo, 
bears out Mr. Mivart’s views as to his opinions.^ 

The title of this fifteenth Disj)utation is Do 
causa formali substantiali,” and the second s(‘.ction 
of that Disputation (to which Mr. Mivart refers) 
is headed, Quomodo possit forma suhstantialis 
fieri in materia et ex materia ? ” 

1 The edition of Suarez's Disputaiiones from which the follow- 
ing citations are given, is Birckmann’s, in two volumes folio, 
and is dated 1630. 
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Tlie problem which Suarez discusses in this 
place may be popularly stated thus : According to 
the scholastic philosophy every natural body has 
two components — the one its matter ” {materm 
jfrima)y the other its " substantial form ” (forma, 
suhstantialis). Of these the matter is everywhere 
the same, the matter of one body being indis- 
tinguishable from the matter of any other body. 
That which differentiates any one natural body 
from all others is its substantial form, which 
inheres in the matter of that body, as the human 
soul inheres in the matter of the frame of man, 
and is the source of all the activities and other 
properties of the body. 

Thus, says Suarez, if water is heated, and the 
source of heat is then removed, it cools again. 
The reason of this is that there is a certain inti- 
mms principium in the water, which brings it 
back to the cool condition when the external 
impediment to the existence of that condition is 
removed. This intimim principium is the sub- 
stantial form ” of the water. And the substantial 
form of the water is not only the cause {radix) of 
the coolness of the water, but also of its moisture, 
of its density, and of all its other properties. 

It will thus be seen that substantial forms " 
play nearly the same part in the scholastic 
philosophy as “ forces ” do in modern science ; the 
general tendency of modern thought being to 
conceive all bodies as resolvable into material 

K 2 
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particles and forces, in virtue of which last these 
particles assume those dispositions and exercise 
those powers which are characteristic of each 
particular kind of matter. 

But the Schoolmen distinguished two kinds of 
substantial forms, the one spiritual and the other 
material. The former division is represented by 
the human soul, the anima rationalis ; and they 
affirm as a matter, not merely of reason, but of 
faith, that every human soul is created out of 
nothing, and by this act of creation is endowed 
with the power of existing for all eternity, apart 
from the materia prima of which the corporeal 
frame of man is composed. And the anima 
rationalis, once united with the materia prima of 
the body, becomes its substantial form, and is the 
source of all the powers and faculties of man — of 
all the vital and sensitive phenomena which he 
exhibits— just as the substantial form of water is 
the source of all its qualities. 

The “ material substantial forms ” are those 
which inform all other natural bodies except that 
of man ; and the object of Suarez in the present 
Disputation, is to show that the axiom ex nihilo 
nihil though not true of the substantial form 
of man, is true of the substantial forms of all 
other bodies, the endless mutations of which 
constitute the ordinary course of nature. The 
origin of the difficulty which he discusses is easily 
comprehensible. Suppose a piece of bright iron 
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to l«i oxpo.stMl io iho air. The existence of the 
iron <!o|H‘1m!s ou the pres(tiice within it of a sub- 
stantial form, which is the cause of its properties, 
brightness, hardness, weight. But, by degrees, 
tlie iron becomes converted into a mass of rust, 
which is dull, and soft, and light, and, in all other 
reHpe(*,ts, is (juite different from the iron. As, in 
the scholastic view, this difference is due to the 
rust being informed by a now substantial fonn, 
the grave problem arises, how did this new sub- 
stantial form come into being? Has it been 
enuated ? or has it arisen by the power of natural 
causation? If the former hypothesis is correct, 
then the axiom, cx nihilo nihil is false, even 
in relation to the ordinary course of nature, seeing 
that such mutations of matter as imply the 
coutimial origin of new substantial forms are 
occurring every moment. But the harmonisation 
of Aristotle with theology was as dear to the 
Schoolmen, as the smoothing down the differences 
botwiteu Moses and science is to our Broad Church- 
men, and they were proportionably unwilling to 
contradict one of Aristotle’s fundamental proposi- 
tions. Nor was their objection to flying in the face 
of the Stagirito likely to be lessened by the fact 
that such flight landed them in flat Pantheism. 

Sp Father Suarez fights stoutly for the second 
hypothesis ; and I quote the principal part of his 
argumentation as an exquisite specimen of that 
speech which is a '' darkening of counsel.” 
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“13. Secundo de omnibus aliis formis substantialibus [sc. 
materialibus] dicendum est non fieri lu'oprie ex niliilo, sed ex 
potentia prsejacentis materiae educi : ideo(j[ue in elTectione barum 
formarum nil fieri contra illud axioma, Bx nihilo nihil fit^ si 
recte intelligatur. Hsec assertio sumitur ex Aristotele 1. Phy- 
sicorum per totum et libro 7. Metapbyss. et ex aliis auctoribus, 
<iuos statim referam, Et declaratur breriter, nam fieri ex 
nibilo duo dicit, unum est fieri absolute et simpliciter, aliud est 
quod talis elTectio fit ex nihilo. Primuni proprife dicitur do re 
subsistente, quia ejus est fieri, cujus est esse : id autom proprie 
quod subsistit et habet esse ; nam quod alteri adjacet, potius est 
quo aliud est. Ex hac ergo parte, formas substantiales mate- 
riales non fiunt ex niliilo, quia proprio non fiunt. Atque Iianc 
rationem reddit Divus Thomas 1 parte, quoestiono 45, articulo 
8, et quaestione 90, articulo 2, et ex dicendis magis expJicabitur. 
Sumendo ergo ipsura fieri in hac proprietate et rigoro, sic fieri 
ex nihilo est fieri secundum so totum, id est nulla sui parte 
prcesupposita, ex quo fiat. Et hac ratione res naturales duin de 
noYo fiunt, non fiunt ex nihilo, quia fiunt ex prsesupposita 
materia, ex qua componuntur, et ita non fiunt, secundum so 
totas, sed secundum aliquid sui. Form® autem hanun rerum, 
([uamyis revera totam suam entitatem de novo accipiant, quam 
antoa non habebant, quia vero ipsse non fiunt, ut dictum est, 
idco neque ex nihilo fiunt. Attamon, quia latiori modo sumendo 
vcrbum illud fieri negari non potest : quin forma facta sit, eo 
modo quo nunc est, et antea non erat, ut etiam proltat ratio 
dubitandi posita in principio sectionis, ideo addendum est, 
sumpto fixri in hac amplitudine, fieri ex nihilo non tainen 
nogare habitudinem materialis causoe intrinsec6 componentis id 
quod fit, sed etiam habitudinem causae materialis per sc causantis 
et sustontantis formam quae fit, sou confit. Diximus onim in 
superioribus materiam et esse causam compositi et fonnae 
dependentis ab ilia : ut res ergo dicatur ex nihilo fieri utenpio 
modus causal itatis negari debet ; et eodem sensu accipiendum 
est illud axioma, ut sit verum : Ex nihilo nihil fit^ scilicet 
virtute agentis naturalis et fimti nihil fieri, nisi ex praesupposito 
subjccto per se conourrente, ot ad compositum ct ad forrnam, si 
utrumque suo modo ab eodem agonte fiat. Ex his ergo rectit 
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ooaeUuUtur, fonnas suhstantiales inateriales aon fieri ox nihilo, 
([uia fnint cx materia, (j[UiJe iu siio ^eiiere per sc concurrit, et 
iiiiluit ad esse, et fieri tali-uiu fomiarum ; quia, sicut esse non 
possunt nisi aifixse matcrise, a qua sustenteufcur in esse : ita nec 
fieri X)ossmit, nisi earum effectio et penetratio in eadem materia 
sustentetur. Et hme est x>ropria et per se differentia inter 
efiectionem cx nihilo, et ex aliquo, propter quam, ut infra 
ostendemus, jirior modus effleiendi superat vim finitam natu- 
raliain agentium, non vero posterior* 

“14, Ex his etiam constat, proprie de his formis dici non 
creari, sed educi de potentia materice.” ^ 

If I may venture to interpret these hard say- 
ings, Suarez conceives that the evolution of 
substantial forms in the ordinary course of nature, 
is conditioned not only by the existence of the 
mat(ma but also by a certain concurrence 

and influence^' which that maUria exerts; and 
every new substantial form being thus conditioned, 
and in part, at any rate, caused, by a pre-existing 
something, cannot be said to bo created out of 
nothing. 

But as the whole tenor of the context shows, 
Suarez applies this argumentation merely to the 
evolution of material substantial forms in the 
ordinary course of nature. How the substantial 
forms of animals and plants primarily originated, 
is a question to which, so far as I am able to 
discover, he does not so much as allude in his 
“ Metaphysical Disputations.” Nor was there any 
necessity that ho should do so, inasmuch as he 


^ Suarez, loo. di. xv. § ii. 
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has devoted a separate treatise of considerable 
bulk to the discussion of all the problems which 
arise out of the account of the Creation which is 
given in the Book of Genesis. And it is a 
matter of wonderment to me that Mr. Mivart, 
who somewhat sharply reproves '' Mr. Darwin and 
others ” for not acquainting themselves with the 
true teachings of his Church, should allow 
himself to be indebted to a heretic like myself 
for a knowledge of the existence of that “ Trac- 
tatus de opere sex Dierum,” ^ in wliich the learned 
Father, of whom he justly speaks, as an 
authority widely venerated, and whose orthodoxy 
has never been questioned,” directly opposes all 
those opinions for which Mr. Mivart claims the 
shelter of his authority. 

In the tenth and eleventh chapters of the first 
book of this treatise, Suarez inquires in what sense 
the word day,” as employed in the first chapter 
of Genesis, is to be taken. He discusses the 
views of Philo and of Augustin on this question, 
and rejects them. He suggests tliat the ajDproval 
of their allegorising interpretations by St. Thomas 
Aquinas, merely arose out of St. Thomas's 
modesty, and his desire not to seem openly to 
controvert St. Augustin — voluisse Divus Thomas 


^ Tmctai'iis d& opere sex Dierumf sm de Univnrsi Creatime, 
quatenm sex diehus penfccta esse, in lihro Genesis cap. i. referVitr, 
etprcescrUm de producHone hominis m slatu innoccntice. Ed. 
Bircknianu, 1622 . 
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pi’o sua modcstia subterfugere vim argnmenti 
potius qiiam apertc Augustinum inconstantise 
arguere." 

Finally, Suarez decides that the writer of 
Genesis meant that the term “ day ” should be 
taken in its natural sense ; and he winds up the 
discussion with the very just and natural remark 
that “ it is not probable that God, in inspiring 
Moses to write a history of the Creation which 
was to be believed by ordinary people, would 
have made him use language, the true meaning of 
which it is hard to discover, and still harder to 
believe.” ^ 

And in chapter xii. 3, Suarez further ob- 
serves : — 

Ratio euim retinendi veram significationein diei naturalis 
est ilia communis, ^uod verba Scripturse non sunt ad metaphoras 
transferenda, nisi vel necessitas cogit, vel ex ipsa scriptura 
eonstet, ei raaximb in bistorica narratione et ad instructionom 
fidei pertinento : sed htec ratio non minus cogit ad intelligendum 
])roprit dienim numerum, (luam diei (^ualitatem, quia non 
MINUS UNO Mono QUAM ALIO UESTRUITUIl SINCERITAS, IMO ET 
VERITAS niSTORiJR. Secuiido boc valde confirmant alia Scripture 
loca, in quibus hi sex dies tanQuam veri, et inter se distincti 
commemorantur, ut Exod. 20 dicitur, Sex diebus operabis et 
facies omnia opera tua^ septimo autcm die Sabbatum Domini Dei 


^ * ‘ Propter base ergo sententia ilia Augustini et propter nimiam 
obscuritatem et subtilitatem ejus diliicilis creditu est: quia 
verisimile non est Deum inspirasse Moysi, ut bistoriam de 
creatione mundi ad fidem totius populi adeo necessariam per 
nomina dierum explicaret, quorum significatio vix inveniri et 
difiicilliine ab aliquo credi posset.*' (Zoc. cU. Lib. I. cap. xi. 
42.1 
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tui csl, Et infra : jS^ex emm dJUlxt^ fecit Bominus ccdum ct 
terram et marc et cmnia quce in eis sunt, et idem repetitur in 
cap. 31, In quibus locis sermonis proprictas colligi potest turn 
ex sequiparatione, nam cum dicitur : sex diehus operabis, pro- 
priissimfe intelligitur : turn quia non est verisimile, potuisse 
populum intelligere verba ilia in alio sensu, et h contrario in- 
credibilo est, Deum in suis prssceptis tradendis illis verbis ad 
populum fuisse loquutum, quibus deciperetur, falsum sensum 
concipiendo, si Deus non per sex veros dies opera sua fecisset.^* 

These passages leave no doubt that this great 
doctor of the Catholic Church, of unchallenged 
authority and unspotted orthodoxy, not only 
declares it to be Catholic doctrine that the work 
of creation took place in the space of six natural 
days ; but that he warmly repudiates, as inconsist- 
ent with our knowledge of the Divine attributes, 
the supposition that the language which Catholic 
faith requires the believer to hold that God 
inspired, was used in any other sense than that 
which He knew it would convey to the minds of 
those to whom it was addressed. 

And I think that in this repudiation Father 
Suarez will have the sympathy of every man of 
common uprightness, to whom it is certainly 
‘incredible” that the Almighty should have acted 
in a manner which He would esteem dishonest 
and base in a man. 

But the belief that the universe was created in 
six natural days is hopelessly inconsistent with 
the doctrine of evolution, in so far as it applies to 
the stars and planetary bodies; and it can be 
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made to agree with a belief in the evolution of 
living beings only by the supi)osition that the 
plants and animals, which are said to have been 
created on the third, fifth, and sixth days, were 
merely the primordial forms, or rudiments, out of 
which existing plants and animals have been 
evolved; so that, on these days, plants and 
animals were not created actually, but only 
potentially. 

The latter view is that held by Mr. Mivart, who 
follows St. Augustin, and implies that he has the 
sanction of Suarez, But, in point of fact, the 
latter great light of orthodoxy takes no small 
pains to give the most explicit and direct contra- 
diction to all such imaginations, as the following 
passages prove. In the first place, as regards 
plants, Suarez discusses the problem : — 


** Quomodo herba mreTts et ccetera mgetabilia hoe [tcriiol die 
^oducta, ^ 

‘ ‘ Praicii^Tia eiiini difficultas Me est, <ixiam attingit Div. Thomas 
1, ]>aT. qu. 69, art. 2, an. licec productio plantarum hoc die facta 
iutclligenda sit do prodnetione ipsarum in proprioesse aetnalict 
formali (ut sic rein explioerem) vel de productiono tantum in 
semine et in potentia. Nam Dirus Augustinus libro q^uinto Genes, 
ad liter, cap. 4 et 6 et libro 8, cap. 8, posteriorem partem tradit, 
dicens, torram in hoc die aecepisse virtutem germinandi omnia 
vegetabilia quasi concopto omnium illorum semine, non tamen 
statini vegetabilia omnia produxisse. Quod primo suadet verbis 
illis capitis secundi. In die quo fecit Deus cedum d terram et 


hoe. eit. Lib. II. cap. vii. et viii. 1, 32, 36. 
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(mne virguUmn agri prittsgtiam gcrminatcL Quoniodo eiiiin 
potuerunt virgulta fieri antc(iuain terra germinarct nisi quia 
causaliter prius et quasi in radice, seu in soniinc facta sunt, et 
postea in actu producta? Secundo confirmari potest, quia 
verbum illud germinet terra optime exponitur potestative ut sic 
dicam, id est accipiat terra vim germinandi. Sicut in codom 
capite dieitiiTcrcsciteet muUiplicammi. Tertio potest confirmari, 
quiaactualis productio vegetabiliuxn non tarn ad opus creationis, 
quain ad opus propagationis pertinet, quod postea factum est. 
Et banc sententiam sequiturEucherius lib. 1, in Gen. cap. 11, et 
illi faveat Glossa, interli. Hugo, et Lyran. duni verbum 
gemiinet dicto modo exponunt. NriiinoMiNUs contuakia 
SENTENTIA TENENDA EST : SCILICET, PKODTTXISSE DrUM II Of! 
DIE HERBAM, AllBORES, ET ALIA VEaETABIIilA ACTIT IN l‘KOPIlIA 
SPECIE ET NATURA. Hajc cst communis sententia ratrum.-*' 
Basil, bomil. 6 ; Exaemer. Ambros. lib. 3 ; Excemer. cap. 8, 
11, et 16 ; Cbrysost. bomil, 6 in Gen. Damascene, lib. 2 do Fid. 
cap. 10 j Theodor. Cyrilli. Bedte, Glosstc ordinariaj et alioruiu in 
Gen. Et idem sentit Divus Thomas, sitpra, solvens argumenta 
Augustini, quamvis propter reverentiam ojus (piasi problematicc 
semper procedat Denique idem sontiuut onmes qui in bis 
operibus veram suocessionem ct teiaporalem distinctioacm 
agnoseant. 

Secondly, with respect to animals, Suarez is no 
less decided : — 

** I)e animal'inm ratione carentitm prodiictwio gtwiio et serJo 
die facta.^ 

'*32. Primo ergo nobis cerium sit luce animantia non in 
virtute tantum aut in somine, sed aotu, c‘t in seipsis, fa(!ta fukse 
his diebus in quibus facia narrantur. Quanquam AugustinuH 
lib. 3, Gen. ad liter, cap. 5 in sua i)crsistcn.s sententia (jontrarium 
sen tire videatur."' 


But Suarez proceeds to refute Augustin's 

1 Loc. elt. Lib. II. cap. vii. ot viii. 1, 32, 35. 
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opinions at groat length, and his final judgment 
may bo gathere<l from the following passage : — 

“35. Tc.riio dicendum est, hsec animalia omnia hisdiebus 
produiitaesso, IH rBBKUiiTO statu, in singulis individuis, sbu 
si>Ei:iEnr.s suis, juxta uniusoujusqub natitiiam .... 
ItAUUE NUEEUNT omnia OBEATA INTBOEA ET OMNIBUS BUIS 
MEMHIUB rBBEEllTA.” 

As roganls the creation of animals and plants, 
theroforo, it is clear that Suarez, so far from 
“distinctly as.sorting derivative creating,” denies 
it as distinctly and positively as he can; that 
he is at much pains to refute St. Augustin’s 
opinions; that he does not hesitate to regard 
the faint aciiuiescenco of St. Thomas Aquinas in 
the views of his brother saint as a kindly subter- 
fuge on the part of Divus Thomas ; and that he 
affirms his own view to be that which is supported 
by the authority of the Fathers of the Church. 
So that, when Mr. Mivart tells us that Catholic 
theology is in harmony with all that modem 
science can possibly require ; that “ to the general 
theory of evolution, and to the special Darwinian 
form of it, no exception . . . need be taken on 
tlic ground of orthodoxy;” and that “law and 
regularity, not arbitrary intervention, was the 
Patristic ideal of creation,” we have to choose 
between his dictum, as a theologian, and that 
of a gn‘at light of his Church, whom he him- 
self declares to be “widely venerated as an 
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authority, and whose orthodoxy has never been 
questioned." 

But Mr. Mivart does not hesitate to push his 
attempt to harmonise science with Catholic 
orthodoxy to its utmost limit ; and, while 
assuming that the soul of man “arises from 
immediate and direct creation,” he supposes that 
his body was “ formed at first (as now in each 
separate individual) by derivative, or secondary 
creation, through natural laws ” (p, S31). 

This means, I presume, that an animal, having 
the corporeal form and bodily powers of man, may 
have been developed out of some lower form of 
life by a process of evolution; and that, after this 
anthropoid animal had existed for a longer or 
shorter time, God made a soul by direct creation, 
and put it into the manlike body, which, hereto- 
fore, had been devoid of that anirna nitionaliH, 
which is supposed to be man's distinctive 
character. 

This hypothesis is incapable of either proof or 
disproof, and therefore may bo true ; but if 
Suarez is any authority, it is not Catholic 
doctrine. “ Nulla ost in homino fonna educta do 
potentia materise,”^ is a dictum which is absolutely 
inconsistent with the doctrine of the nattiral 
evolution of any vital manifestation of the Innnan 
body. 

Moreover, if man existed as an animal before 
^ Disput, XV. § X. No. 27. 
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he was provided with a rational soul, ho must, in 
accordance with the elementary requirements of 
the philosophy in which Mr. Mivart delights, have 
]>ossessed a distinct sensitive and vegetative soul, 
or souls. Hence, when tlio breath of life was 
breathed into the manlike animars nostrils, he 
must have already been a living and feeling 
ertiature. But Suarez particularly discusses this 
point, and not only rejects Mr. Mivart's view, but 
ado})ts language of very theological strength 
regarding it. 

** Posfiont prrotoroji his adjungi argumenta theologi(ja, ut est 
ilhul (piDcl suinitixr ox illLs verbis Genes. 2. Formmit Dcu9 
hmdncm ex linio iemo et mspirmit in faeiem ejns spiraeulum 
'Dikii ci fadm est homo in animam vivente'in : ille enim spiritus, 
c|uam Dens sj)iravit, anima rationalis fuit, et pke eaihsm FAcrtrs 
KST HOMO VIVBNS, tST OONvSQXTBNTBIt, BTIAM SKNTIBNS. 

** Aliud est ex YIII, Synodo Generali quse est Oonstantinopol- 
itana IV. can. 11, q[ui sic habot. Apparel qmsda'm in iantu'm 
impiciatu mime ut hommes duos awimas hahere dogmeUizent .* 
talU iyitur impictatis in'oentorcs et similes sapieifiMs, mm Fetus, 
cl Nomm Tcstamc'ntxm omnesque Fcelosice patres unam animam 
riiCioxiahm hominem luCbere asswrent, Saneta et unwersalis, 
Hyxiodm anaihematimV^ 

Moreover, if the animal nature of man was the 
result of evolution, so must that of woman have 
boon. Btit the Catholic doctrine, according to- 
Suarez, is that woman was, in the strictest and 
most literal sense of the words, made out of the 
rib of man. 


‘ Disptit, XV. ** De causa formali substantiali," § x. No. 24. 
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“ Nihilominus sententia Catholica est, verba ilia Scripturse 
esse ad Hteram inteUigenda. Ac pboinde verb, ao eeaIjITER, 
TTJLISSE DbXJM CoSTAM APAMiB, ET, EX ILLA, CORPUS EViS 

formassb.” ^ 

Nor is there any escape in the supposition that 
some woman existed before Eve, after the fashion 
of the Lilith of the rabbis ; since Suarez qualifies 
that notion, along with some other Judaic 
imaginations, as simply '' damnabilis.” ^ 

After the perusal of the ‘‘ Tractatus de Opero ” 
it is, in fact, impossible to admit that Suarez held 
any opinion respecting the origin of species, except 
such as is consistent with the strictest and most 
literal interpretation of the words of Genesis. 
For Suarez, it is Catholic doctrine, that the world 
was made in six natural days. On the first of 
these days the maUria prima was made out of 
nothing, to receive afterwards those substantial 
forms” which moulded it into the universe of 
things; on the third day, the ancestors of all 
living plants suddenly came into being, full-grown, 
perfect, and possessed of all the properties which 
now distinguish them ; while, on the fifth and 
sixth days, the ancestors of all existing animals 
were similarly caused to exist in their complete 
and perfect state, by the infusion of their appro- 
priate material substantial forms into the matter 

^ Traciatus de Operc, Lib. III. “ De liominis creationo/* cap. 
ii. No. 3. ^ 

Ibid, Lib. III. cap. iv. Nos. 8 and 9 
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which had already been created. Finally, on the 
sixth clay, tiic anima mtionalis — that rational and 
immortal substantial form which is peculiar to 
man — was created out of nothing, and breathed 
into ” a mass of matter which, till then, was mere 
dust of the earth, and so man arose. But the 
species man was represented by a solitary male 
individual, until the Creator took out one of his 
ribs and fashioned it into a female. 

This is the view of the Genesis of Species ” 
held by Suarez to be the only one consistent with 
Catholic faith : it is because he holds this view to 
be Catholic that he does not hesitate to declare 
St. Augustin unsound, and St. Thomas Aquinas 
guilty of weakness, when the one swerved from 
this view and the other tolerated the deviation. 
And, until responsible Catholic authority— say, 
for example, the Archbishop of Westminster— 
formally declares that Suarez was wrong, and 
that Catholic priests are free to teach their flocks 
that the world was %ot made in six natural days, 
and that plants and animals were not created in 
their perfect and complete state, but have been 
evolved by natural processes through long ages 
from certain germs in which they were potentially 
contained, I, for one, shall feel bound to believe 
that the doctrines of Suarez are the only ones 
which are sanctioned by Infallible Authority, as 
represented by the Holy Father and the Catholic 
Church. 

VOL. H 
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I need hardly add that they are as absolutely 
denied and repudiated by Scientific Authority, as 
represented by Reason and Fact. The question 
whether the earth and the immediate progenitors 
of its present living population were made in six 
natural days or not is no longer one upon which 
two opinions can bo held. 

The fact that it did not so come into being 
stands upon as sound a basis as any fact of 
history whatever. It is not true that existing 
plants and animals came into being within three 
days of the creation of the earth out of nothing, for 
it is certain that innumerable generations of other 
plants and animals lived upon the earth before 
its present population. And when, Sunday after 
Sunday, men who profess to be our instructors in 
righteousness read out the statement, “ In six 
days the Lord made heaven and earth, the sea, 
and all that in them is,” in innumerable churches, 
they are either propagating what they may easily 
know, and, therefore, ai*e bound to know, to be 
falsities ; or, if they use the words in some non- 
natural sense, they fall below the moral staiidartl of 
the much-abused Jesuit. 

Thus far the contradiction between Catholic 
verity and Scientific verity is complcito and 
absolute, (piitc independently of the truth or false- 
hood of the doctrine of evolution. But, for thosc^ 
who hokUlio doctrine of evolution, all the Catholic 
verities about the creation of living beings must 
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1)«* ii<» l**Ks falH<\ Far ihtjin, tlic assertion that the 
pro^aaiiturs of all oxinting plants were made on the 
third day, of animals on the fifth and sixtli days, 
iri iho fia’tns ih<*y now prcisoiit, is simply false. 
N(»r can thoy admit that man was made suddenly 
out of tliii dust of th(^ cwtli ; while it would be an 
insidt to ask au <*V(j]uiiouist wlicthorho credits the 
propthstorons fal)l({ resj)octing tlic fabrication of 
woman to which Huare55 piius his faith. If Suarez 
has riglitly stated tJathoUc doctrine, then is 
evolution utter heresy. And such I believe it to 
bo, in addition to the trutli of the doctrine of 
(Solution, in(l(U‘d, oikj of its greatest merits in 
my eyes, is Unt fact that it occupies a position of 
ooinplet(! and irnjconcilablo antagonism to that 
vigorous and C{)nslsteut enemy of th<j highest intel- 
le(*,tual, imu’nl, and sotjial life of mankind — the 
(Jatlmlie Olmreh. No doubt, Mr, Mivart, like 
other putters of Tunv wim^ into old bottles, is 
actuab^d by motiv<‘S which are wortliy of respect, 
ami oven <d sympa.thy ; but his attempt has mot 
with tln.^ faU‘. wldudi tlu^ Hcripturc propliesies for 
all HU(th, 

(latholie theology, like all thcohvgics which arc 
based upon the assumption of the truth of the 
{WKjount of the origin of things given in the Book 
of (hmesiiS, bcung utb^rly irnwncilable with the 
<lo<*tnne of <jvolution,th(^ student of science, who is 
Hatisfh»d that the <wi<l(ince upon wliich the doctrine 
of ijvolutioii rests, is incomparably stronger and 

2 
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better than that upon which the supposed author- 
ity of the Book of Genesis rests, will not trouble 
himself further with these theologies, but will 
confine his attention to such arguments against 
the view he holds as are based upon purely 
scientific data — and by scientific data I do not 
merely mean the truths of physical, mathematical, 
or logical science, but those of moral and meta- 
physical science. For by science I understand 
all knowledge which rests upon evidence and 
reasoning of a like character to that which claims 
our assent to ordinary scientific propositions. And 
if any one is able to make good the assertion that 
his theology rests upon valid evidence and sound 
reasoning, then it appears to me that such theology 
will take its place as a part of science. 

The present antagonism between theology and 
science does not arise from any assumption by the 
men of science that all theology must necessarily 
be excluded from science, but simply because 
they are unable to allow that reason and morality 
have two weights and two measures ; and that the 
belief in a proposition, because authority tells you 
it is true, or because you wish to believe it, which 
is a high crime and misdemeanour when the sub-* 
ject matter of reasoning is of one kind, becomes 
under the alicts of “ faith the greatest of all 
virtues when the subject matter of reasoning is of 
another kind. 

The Bishop of Brechin said well the other 
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(lay: — Liberality in religion — I do not mean 
tender and generous allowances for the mis- 
takes of others — is only unfaithfulness to truth.” ^ 
And, with the same qualification, I venture 
to paraphrase the Bishop's dictum ; Eccle- 
siasticism in science is only unfaithfulness to 
truth.” 

Elijah's great question, Will you serve God or 
Baal ? Choose ye,” is uttered audibly enough in 
the ears of every one of us as we come to man- 
hood. Let every man who tries to answer it 
seriously ask himself whether he can be satisfied 
with the Baal of authority, and with all the good 
things his worshippers are promised in this world 
and the next. If he can, let him, if he be so 
inclined, amuse himself with such scientific imple- 
ments as authority tells him are safe and will not 
cut his fingers ; but let him not imagine he is, or 
can be, both a true son of the Church and a loyal 
soldier of science. 

And, on the other hand, if the blind acceptance 
of authority appears to him in its true colours, as 
mere private judgment in and if he have 

the courage to stand alone, face to face with the 
abyss of the eternal and unknowable, let him be 
content, once for all, not only to renounce the good 
things promised by '"Infallibility,” but even to 
bear the bad things which it prophesies ; content 

I Ohiuge at tlio Biociftsan Synod of Brechin. Scotsma%, Sept, 
14 , 1871 . 
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to follow reason and fact in singleness and honesty 
of purpose, wherever they may lead, in the sure 
faith that a hell of honest men will, to him, be 
more endurable than a paradise full of angelic 
shams. 

Mr. Mivart asserts that without a belief in a 
personal God there is no religion worthy of the 
name.” This is a matter of opinion. But it may 
be asserted, with less reason to fear contradiction, 
that the worship of a personal God, who, on Mr. 
Mivart's hypothesis, must have used language 
studiously calculated to deceive His creatures and 
worshippers, is no religion worthy of the name ” 
''Incredible est, Deum illis verbis ad populum 
fuisse locutum quibus deciperetur,” is a verdict in 
which, for once, Jesuit casuistry concurs with the 
healthy moral sense of all mankind. 

Having happily got quit of the theological 
aspect of evolution, the supporter of that great 
truth who turns to the scientific objections whicli 
are brought against it by recent criticism, finds, to 
his relief, that the work before him is greatly 
lightened by the spontaneous retreat of the enemy 
from nine-tenths of the territory which he occu- 
pied ten years ago. Even the Quarterly Keviewor 
not only abstains from venturing to deny that 
evolution has taken place, but he openly admits 
that Mr. Darwin has forced, on men*s minds " a 
recognition of the probability, if not more, of 
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evolution, and of the certainty of the action of 
natural selection (p. 49). 

I do not quite see, myself, how, if the action of 
natural selection is certain, the occurrence of eyohi- 
tionis oviij ^Tolalle; inasmuch as the development 
of a new species by natural selection is, so far as 
it goes, evolution. However, it is not worth while 
to -quarrel with the precise terms of a sentence 
which shows that the high water mark of intelli- 
gence among those most respectable of Britons, the 
readers of the Qiiarterly Review, has now reached 
such a level that the next tide may lift them 
easily and pleasantly on the once-dreaded shore of 
evolution. Nor, having got there, do they seem 
likely to stop, until they have reached the inmost 
heart of that great region, and accepted the ape 
ancestry of, at any rate, the body of man. For 
the Reviewer admits -that Mr. Darwin can be said 
to have established : 

“ That if the various kiuds of lower animals have been 
evolved one from the other by a process of natural generation 
or evolution, then it becomes highly probable, d ‘priori, ihzX 
man's body has been similarly evolved ; but this, in such a 
case, becomes equally probable from the admitted fact that he is 
an animal at all" (p. 65). 

From the principles laid down in the last sen- 
tence it would follow that if man were constructed 
upon a plan as different from that of any oiber 
animal as that of a sea-urchin is from that of a 
whale, it would be equally probable that he 
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had beea developed from some other animal as it 
is now, when we know that for every hone, muscle, 
tooth, and even pattern of tooth, in man, there is a 
corresponding hone, muscle, tooth, and pattern of 
tooth, in an ape. And this shows one of two things 
— either that the Quarterly Reviewer’s notions of 
probability are peculiar to himself, or that he has 
such an overpowering faith in the truth of evolution 
that no extent of structural break between one 
animal and another is sufficient to destroy his con- 
viction that evolution has taken place. 

But this by the way. The importance of the 
admission that there is nothing in man’s physical 
structure to interfere with his having been evolved 
from an ape is not lessened because it is grudg- 
ingly made and inconsistently qualified. And in- 
stead of jubilating over the extent of the enemy’s 
retreat, it will be more worth while to lay siege to 
his last stronghold — the position that there is a 
distinction in kind between the mental faculties 
of man and those of brutes, and that in consequence 
of this distinction in kind no gradual progr(‘BS 
from the mental faculties of the one to those of the 
other can have taken place. 

The Quarterly Reviewer entrenches himself 
within formidable-looking psychological outworks, 
and there is no getting at him without attacking 
them one by one. 

He begins by laying down the following pro- 
position. ' Sensation ’ is not ' thought/ and no 
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amount of the former would constitute the most 
rudimentary condition of the latter, though sen- 
sations supply the conditions for the existence of 
‘thought’ or ‘knowledge’ ” (p. 67). 

This proposition is true, or not, according to the 
sense in which the word “ thought ” is employed. 
Thought is not uncommonly used in a sense co- 
extensive with consciousness, and, especially, with 
those states of consciousness we call memory. If I 
recall the impression made by a colour or an odour, 
and distinctly remember blueness or muskiness, I 
may say with perfect propriety that I “ think of” 
blue or musk ; and, so long as the thought lasts, 
it is simply a faint reproduction of the state of 
consciousness to which I gave the name in question, 
when it first became known to me as a sensation. 

Now, if that faint reproduction of a sensation, 
which we oaU the memoiy of it, is properly termed 
a thought, it seems to me to be a somewhat forced 
proceeding to draw a hard and fast line of demar- 
cation between thoughts and sensations. If sen- 
sations are not rudimentary thoughts, it may be 
said that some thoughts are rudimentary sensations. 
No amount of sound constitutes an echo, but for 
all that no one would pretend that an echo is some- 
thing of totally different nature from a sound. 
Again, nothing can be looser, or more inaccurate, 
than the assertion that “ sensations supply the 
conditions for the existence of thought or know- 
ledge.” If this implies that sensations supply the 
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conditions for the existence of our memory of sen- 
sations or of our thoughts about sensations, it is a 
truism which it is hardly worth while to state so 
solemnly. If it implies that sensations supply any- 
thing else, it is obviously erroneous. And if it 
means, as the context would seem to show it does, 
that sensations are the subject-matter of all thought 
or knowledge, then it is no less contrary to fact, 
inasmuch as our emotions, which constitute a large 
part of the subject-matter of thought or of know- 
ledge, are not sensations. 

More eccentric still is the Quarterly Eeviewcr's 
next piece of psychology. 

“ Altogether, we may clearly distinguish at least six kiiitlH of 
action to which the nervous system ministers : — 

‘‘ L That in which impressions received result in appropriate 
movements without the intervention of sensation or thought, as 
in the cases of injury above given. — This is the reilcx action of 
the nervous system. 

II, That in which stimuli from without result in sensations 
through the agency of which their due effects are wrought out. 
— Sensation. 

“ III. That in which impressions received result in sensations 
which give rise to the observation of sensible objects. — Sensi]>le 
perception. 

*‘IV. That in which sensations and perceptions (jontinuo to 
coalesce, agglutinate, and combine in more or loss conii)lex 
aggregations, according to the laws of the association of sensible 
perceptions. — A ssociation, 

“The above four groups contain only indeliberate operations, 
consisting, as they do at the best, but of mere preacMaLhc 
sensible ideas in no way implying any rellective or reyrmmlatiw 
faculty. Such actions minister to and form Instimt. Bosi<losthes(j, 
we may distinguish two other kinds of mental action, namely : — 
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“V. That in which sensations and sensible perceptions are 
reilected on by thouf^ht, and recognised as onr own, and wo 
ourselves recognised by ourselves as affected and perceiving. — 
8el f-consciou.sness. 

“YI. That ill which we reflect upon our sensations or 
perceptions, and ask what they are, and why they are. — ^Reason. 

“These two latter kinds of action are deliberate operations, 
performed, as they arts by means of representative ideas imply- 
ing the use of a reflective represmtative faculty. Such actions 
distinguish the intellect or rational faculty. Now, we assert 
that possession in perfection of all the first four {presmtative) 
kinds of action hy no means implies the possession of the last 
two (representative) kinds. All persons, we think, must admit 
the truth of the following x>roposition : — 

“ Two faculties are distinct, not in degree but in hindj if we 
may po.ssess the one in perfection without that fact implying 
that we possess the otlu^r also. Still more will this be the ease 
if th(j two faculties tend to increase in an inverse ratio. Yet 
this is th(idistin(!tion between the iTistinetive and ^^intellectual 
l)arts of man’s nature. 

“As to animals, we fully admit that they may possess all the 
first four groui>s of actions— that they may liave, so to speak, 
incnfjil images of sensible objects combined in all degrees of 
<{oni])h‘.xity, as governed by the laws of association. We deny 
to ihein, on other hand, the possession of the last two kinds 
of m«‘nfal action. Wc deny them, that is, the power of reflecting 
on their own existences, or of in<xuiring into the nature of objects 
and Umir causes. Wo deny that they know that they know or 
know themselves in knowing. In other words, we deny them 
remon, I'he possoHsioii of the presentative faculty, as above 
<^xi>lained, in no way implies that of the reflective faculty ; nor 
does any amount of direct operation imply the power of asking 
the rellftctivo (j^uestion before mentioned, as to *what’ and 
* why,* ” (Loc. cit pp. 67, 68.) 

Sundry points arc worthy of notice in this 
Kunarkahlc account of the intellectual powers. In 
the iirst place the Reviewer ignores emotion and 
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volition, though they are no inconsiderable “ kinds 
of action to which the nervous system ministers,’’ 
and memory has a place in his classification only 
by implication. Secondly, wo are told that the 
second *'kind of action to which the nervous 
system ministers ” is that in which stimuli from 
without result in sensations through the agency 
of which their due effects are wrought out. — 
Sensation.” Does this really mean that, in the 
writer’s opinion, “sensation” is the “agent” by 
which the “due effect” of the stimulus, which 
gives rise to sensation, is “ wrought out ” ? 
Suppose somebody runs a pin into me. The 
“due effect” of that particular stimulus will 
probably be threefold; namely, a sensation of 
pain, a start, and an interjectional expletive. 
Does the Quarterly Reviewer really think that 
the “ sensation ” is the “ agent ” by wliicli tlie 
other two phenomena are wrought out ? 

But these matters are of little moment to 
anyone but the Reviewer and those persoxis who 
may incautiously take their physiology, or psycho- 
logy, from him. The really interesting point is 
this, that when he fully admits that animals 
“ may possess all the first four groups of actions,” 
he grants all that is necessary for the purposes of 
the evolutionist. For he hereby admits that in 
animals “ impressions received result in sensations 
which give rise to the observation of sensible 
objects,” and that they have what he calls 
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‘‘sensible perception.’* Nor was it possible to 
help the admission ; for we have as much reason 
to ascribe to animals, as we have to attribute to 
our fellow-men, the power, not only of perceiving 
external objects as external, and thus practically 
recognizing the difference between the self and the 
not-self; but that of distinguishing between like 
and unlike, and between simultaneous and suc- 
cessive things. When a gamekeeper goes out 
coursing with a greyhound in leash, and a hare 
crosses the field of vision, he becomes the subject 
of those states of consciousness we call visual 
sensation, and that is all he receives from without. 
SehS'atiob , as such, tells him nothing whatever ; 
about the cause of these states of consciousness; 
but the thinking faculty instantly goes to work 
upon the raw material of sensation furnished to it 
through the eye, and gives rise to a train of ] 
thoughts. First comes the thought that there is | 
an object “at a certain distance ; then arises ; 
another thou^t — the perception of the likeness I 
between the stat^^-^of-consciousne awakened, by 
this object to those presented by memory, as, on 
some former occasion, called up by a hare; this is 
succeeded by another thought of the nature of an 
emotion— namely, the desire to possess the hare; ' 
then follows a longer or shorter train pf other [ 
thoughts, which end in a volition and an aCt— the ] 

loosing of the greyhound from the leash. These 
several thoughfo are the concomitants of a process ; 
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which goes on in the nervous system of the man. 
Unless the nerve-elements of the retina, of the 
optic nerve, of the brain, of the spinal cord, and 
of the nerves of the arms, went through certain 
physical changes in due order and con’elation, the 
various states of consciousness which have been 
enumerated would not make their appearance. So 
that in this, as in all other intellectual operations, 
we have to distinguish two sets of successive 
changes — one in the physical basis of conscious- 
ness, and the other in consciousness itself ; one set 
which may, and doubtless will, in course of time, 
be followed through all their complexities by the 
anatomist and the physicist, and one of which only 
the man himself can have immediate knowledge. 
As it is very necessary to keep up a clear 
distinction between these two processes, let the one 
be called nmrods^ and the ])sychod% When 
the gamekeeper was first trained to his work 
every step in tlie process of neurosis was accom- 
panied by a corresponding step in tlxat of i)sycliosiH, 
or nearly so. He was conscious of sei^g some- 
thing, conscious of making sure it was a luire, 
conscious of desiring to catch it, and therefore t<i 
loose the greyhound at the right time, consc'ous of 
the acts by which he let the dog out of the leash. 
But with practice, though the various stops of the 
neurosis remain — for otherwise the impression on 
the retina would not result in tlie loosing of the 
dog — the great majority of the stops of the 
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psychosis vanisli, and the loosing of the dog follows 
unconsciously, or as we say, without thinking about 
it, upon the sight of the hare. No one will deny 
that the series of acts which originally intervened 
between the sensation and the letting go of the 
dog were, in the strictest sense, intellectual and 
rational operations. Do they cease to be so when 
the man ceases to be conscious of them? That 
depends upon what is the essence and what the 
accident of those operations, which, taken to- 
gether, constitute ratiocination. 

Now ratiocination is resolvable into predication, 
and predication consists in marking, in some way, 
the existence, the co-existence, the succession, the 
likeness and unlikeness, of things or their ideas. 
Whatever does this, reasons ; and if a machine pro- 
duces the effects of reason, I see no more ground 
for denying to it the reasoning power, because it 
is unconscious, than I see for refusing to Mr. 
Babbage’s engine the title of a calculating machine 
on the same grounds. 

Thus it seems to me that a gam ekeeper reasons, 
whether he is conscious or unconscious, whether 
his reasoning is carried on by neurosis alone, or 
whether it involves more or less psychosis. And 
if this is true of the gamekeeper, it is also true of 
the greyhound. The essential resemblances in all 
points of structure and function, so far as they can 

be studied, between the nervous system of the man 

and that of the dog, leave no reasonable doubt 
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that the processes which go on in the one arc just 
like those which take place in the otlicr. In the 
dog, there can be no doubt that the nervous 
matter which lies between the retina and the 
muscles undergoes a scries of clianges, precisely 
analogous to those which, in the man, give rise t< » 
sensation, a train of thought, and volition. 

Whether this neurosis is accompanied by siuili 
psychosis as ours it is impossible to say ; but 
those who deny that the nervous changes, which, 
in the dog, correspond with those which underlie 
thought in a man, are accompanied by conscious- 
ness, are equally bound to maintain that tliosc 
nervous changes in the dog, which corrcsi)ond with 
those which underlie sensation in a man, are also 
unaccompanied by consciousness. In other words, 
if there is no ground for believing tliat a dog thinks, 
neither is there any for believing tliat ho fools. 

As is well known, Descartes boldly facuid this 
dilemma, and maintained that all animals W({re 
mere machines and entirely devoid of consciotisncss. 
But he did not deny, nor can anyoiu^ deny, that in 
this case they arc reasoning machines, capabhi of 
performing all those operations wliich arc 
formed by the nervous system of man wlnni Imj 
reasons. For even supposing that in man, an<l in 
man only, psychosis is suporadded to rujurosis—tlus 
neurosis which is common to both man and animal 
gives their reasoning processes a fundamental 
unity. But Descartes’ position is open to vc^ry 
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serious objections if the evidence that animals feel 
is insufficient to prove that they really do so. What 
is the value of the evidence which leads one to 
believe that one's fellow-man feels ? The only 
evidence in this argument of analogy is the 
similarity of his structure and of his actions to 
one's own. And if that is good enough to prove 
that one's fellow-man feels, surely it is good 
enough to prove that an ape feels. For the differ- 
ences of structure and function between men and 
apes are utterly insufficient to warrant the 
assumption that while men have those states of 
consciousness we call sensations apes have nothing 
of the kind. Moreover, we have as good evidence 
that apes are capable of emotion and volition as 
we have that men other than ourselves are. But 
if apes possess three out of the four kinds of states 
of consciousness which we discover in ourselves, 
what possible reason is there for denying them the 
fourth ? If they are capable of sensation, emotion, 
and volition, why are they to be denied thought 
(in the sense of predication) ? 

No answer has ever been given to these 
questions. And as the law of continuity is as 
much opposed, as is the common sense of man- 
kind, to the notion that all animals are unconscious 
machines, it may safely be assumed that no 
sufficient answer ever will be given to them. 

There is every reason to believe that con- 
sciousness is a function of nervous matter, when 

VOL. II M 
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tliat nervous matter has attained a certain degree 
of organisation, just as wo know the other 

actions to which the nervous system ministers,” 
such as reflex action and the like, to be. As T 
have ventured to state my view of the matter 
elsewhere, “ our thoughts are the expression of 
molecular changes in that matter of life which is 
the source of our other vital phenomena.” 

Mr. Wallace objects to this statement in the 
following teims : — 

‘‘Not having been able to find any clue in Professor Huxley’s 
writings to the stops by which ho passes from those vital pheno- 
mena, which consist only, in their last analysis, of movements 
by particles of matter, to those other phenomena which we term 
thought, sensation, or consciousness ; but, knowing that so 
positive an expression of opinion from him will have great weight 
with many persons, I shall endeavour to show, with as much 
brevity as is compatible with clearness, that this theory is not 
only incapable of proof, but is also, as it appears to me, 
inconsistent with accurate conceptions of molecular i)hysi<*.s.” 

With all respect for Mr. Wallace, it appears to 
me that his remarks are entirely beside the (pies- 
tion. I really know nothing whatever, and never 
hope to know anything, of the steps by wliich the 
passage from molecular movement to states of 
consciousness is effected; and I entireJy agree) 
with the sense of the passage which he quotes 
from Professor Tyndall, apparently imagining that 
it is in opposition to the view I hold. 

All that I have to say is, that, in my belief, 
consciousness and molecular action are capable of 
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being expressed by one another, just as heat and 
mechanical action are capable of being expressed 
in terms of one another. Whether we shall ever 
be able to express consciousness in foot-pounds, or 
not, is more than I will venture to say ; but that 
there is evidence of the existence of some corre- 
lation between mechanical motion and conscious- 
ness, is as plain as anything can be. Suppose the 
poles of an electric battery to be connected by 
a platinum wire, A certain intensity of the 
current gives rise in the mind of a bystander to 
that state of consciousness we call a dull red 
light ’’ — a little greater intensity to another which 
we call a “ bright red light ; ” increase the inten- 
sity, and the light becomes white ; and, finally, it 
dazzles, and a new state of consciousness arises, 
which we term pain. Given the same wire and 
the same nervous apparatus, and the amount of 
electric force required to give rise to these several 
states of conciousness will be the same, however 
often the experiment is repeated. And as the 
electric force, the light waves, and the nerve- 
vibrations caused by the impact of the light- waves 
on the retina, are all expressions of the molecular 
changes which are taking place in the elements of 
the battery ; so consciousness is, in the same 
sense, an expression of the molecular chaiiges 
which take place in that nervous matter, which is 
the organ of consciousness. 

And, since this, and any number of similar 
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examples that may be rccpiircd, prove that one 
form of consciousness, at any rate, is, in tins 
strictest sense, the expression of molecular change, 
it really is not worth while to pursue the inquiry, 
whetherafactso easily established is consist(‘nt with 
any particular system of molecular physics or not. 

Mr. Wallace, in fact, appears to ino to haves 
mixed up two very distinct propositions : tlu^ one, 
the indisputable truth that consciousness is corre- 
lated with molecular changes in the (n-gau of 
consciousness; the other, that the nature of that 
correlation is known, or can bo conceived, which 
is quite another matter. Mr. Wallace, presumably, 
believes in that correlation of pheuonutua which 
we call cause and effect as firmly as I do. But if 
he has over been able to form tlie fainU^st notion 
how a cause gives rise to its effect, all I can say is 
that I envy him. Take the simplest case hnagiti- 
able — suppose a ball in niotiou to impinge, upon 
another ball at rest. I know very well, as a mattcir 
of fact, that the ball in motion will comniuni<;ato 
some of its motion to the hall at r<^st, and that 
the motion of the two halls, aft(‘.r collision, is 
precisely correlated with the massc^s of both halls 
and the amount of motion of the first. But how 
does this come about ? In what nianncjr cati we 
conceive that the m$ mm of the first ball pfisscts 
into the second ? I confess I cati lio more ft^nn 
any conception of what happens in this case, tlum 
I can of what takes place when the motion of 
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particles of my nervous matter, caused by the 
impact of a similar ball gives rise to the state of 
consciousness I call pain. In ultimate analysis 
everything is incomprehensible, and the whole 
object of science is simply to reduce the funda- 
mental incomprehensibilities to the smallest possi- 
ble number. 

But to return to the Quarterly Reviewer. He 
admits that animals have mental images of 
sensible objects, combined in all degrees of com- 
plexity, as governed by the laws of association.’* 
Presumably, by this confused and imperfect state- 
ment the Reviewer means to admit more than the 
words imply. For mental images of sensible 
objects, even though “combined in all degrees of 
complexity,” are, and can be, nothing more than 
mental images of sensible objects. But judg- 
ments, emotions, and volitions cannot by any 
possibility be included under the head of “ mental 
images of sensible objects.’* If tbe greyhound 
had no better mental endowment than the 
Reviewer allows him, he might have the “ mental 
image ” of the “ sensible object *’ — the hare— and 
that might be combined with the mental images 
of other sensible objects, to any degree of cohi- 
plexi1y, but he wouid have no power of judging 
it to be at a certain distance from him ; no power 
of perceiving its similarity to his memory of a 
hare ; and no desire to get at it. Consequently 
he would stand stock still, and the noble art of 
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coursing woixld have no existence. On the other 
hand, as that art is largely practised, it follows 
that greyhounds alone possess a number of niental 
powers, the existence of which, in any animal, is 
absolutely denied by the Quarterly Eeviewer. 

Finally, what are the mental powers whieli he 
reserves as the especial prerogative of man ? 
They are two. First, the recognition of ** our- 
selves by ourselves as afiected and perceiving.™ 
Self-consciousness.” 

Secondly. The reflection upon our sensatioiiH 
and perceptions, and asking wliat tlmy arcj and 
why they arc.— Eeason,” 

To the faculty defined in the last scmteiice, the 
Eeviewer, without assigning the least ground for 
thus departing from both common usage and 
technical propriety, applies the name of ritagon. 
But if man is not to be considered a reasoning 
being, unless ho asks wliat his sensations ami {gjir- 
coptions are, imd why they are, what is a Hot- 
tentot, or an Australian “ black-fellow ” ; or wliat 
the “swinked hedger” of an ordinary agricultural 
district? Nay, what becomes of an average 
country squire or parson? How many of these 
worthy persons who, as tiieir wont is, read the 
QmTkrly Mvmv, vroxxlA do other than stand 
agape, if you asked them whether tliey hiMl ever 
reflected what their sensations am! perceptions 
are and wliy they are ? 

So that if the Eeviewer’s new definition of rea- 
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son be correct, the majority of men, even among the 
most civilised nations, are devoid of that supreme 
characteristic of manhood. And if it be as absurd 
as I believe it to be, then, as reason is certainly not 
self-consciousness, and since it, as certainly, is one of 
the actions to which the nervous system minis- 
ters,” we must, if the Reviewer’s classification is 
to be adopted, seek it among those four faculties 
which he allows animals to possess. And thus, for 
the second time, he really surrenders, while seem- 
ing to defend, his position. 

The Quarterly Reviewer, as we have seen, 
lectures the evolutionists upon their want of know- 
ledge of philosophy altogether. Mr, Mivart is not 
less pained at Mr. Darwin’s ignorance of moral 
science. It is grievous to him that Mr. Darwin 
{axid nous autres) should not have grasped the 
elementary distinction between material and formal 
morality ; and he lays down as an axiom, of which 
no tyro ought to be ignorant, the position that 
“ acts, unaccompanied by mental acts of conscious 
will directed towards the fulfilment of duty,” are 
absolutely destitute of the most incipient degree 
of real or formal goodness.” 

Now this may be Mr. Mivart’s opinion, but it is 
a proposition which really does not stand on the 
footing of an undisputed axiom. Mr. Mill denies 
it in his work on Utilitarianism. The most in- 
fluential writer of a totally opposed school, Mr. 
Carlyle, is never weary of denying it, and upholding 
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the merit of that virtue wliich is unconscious; 
nay, it is, to my understanding, extrornoly Lar<l to 
I'econcile Mr. Mivart's dictum with that iioblti sum- 
mary of the whole duty of man — Thou shalt love 
the Lord thy God with all thy heart, and with all 
thy soul, and with all thy strength ; and thou shalt 
love thy neighbour as thyself." According to Mr. 
Mivart’s definition, the man who loves God and his 
neighbour, and, out of sheer love and aflcction for 
both, does all he can to please theun, is, nevcrtl un- 
less, destitute of a particle of nsal goodness. 

And it further happens that Mr. Darwin, who is 
charged by Mr. Mivart with being ignorant of the 
distinction between material an<l formal goo(lnoss, 
discusses the very question at issu(5 m a j^assagcj 
which is well wortli reading (vol. i. j). 87), and also 
comes to a conclusion opposed to Mr. Mivart’s 
axiom. A proposition which lias bt‘(*n so mmdi 
disputed and repudiated, should, under no (tiroum- 
stances, have boon tlius confidently assunuid hi )m 
true. For myself, 1 utterly reject it, inasimuth as 
the logical consequence of the adojitiou of any siudi 
principle is tlio denial of all moral valu<^ to 
sympathy and affection. According to Mr. Mivart's 
axiom, the man who, seeing anotlior struggling in 
the water, leaps in at the risk of his own lifti to 
save Mm, does that which is “ (histitute of the most 
incipient degree of real goodness," unh^ss, as he 
strips off his coat, he says to himself, ** Now, mind, 

I am going to do this because it is my ihiiy and 
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for no other reason;” and the most beautiful 
character to which humanity can attain, that of the 
man who does good without thinking about it, be- 
cause he loves justice and mercy and is repelled 
by evil, has no claim on our moral approbation. 
The denial that a man acts morally because he does 
not think whether he does so or not, may be put 
upon the same footing as the denial of the title of 
an arithmetician to the calculating boy, because he 
did not know how he worked his sums. If man- 
kind ever generally accept and act upon Mr. 
Mivart’s axiom, they will simply become a set of 
most unendurable pjrigs ; but they never have ac- 
cepted it, and I venture to hope that evolution has 
nothing so temble in store for the human race. 

But if an action, the motive of which is nothing 
but affection or sympathy, may be deserving of 
moral aj^probation and really good, who that has 
ever had a dog of his own will deny that animals 
are capable of such actions ? Mr. Mivart indeed 
says : — It may be safely affirmed, however, that 
there is no trace in brutes of any actions simulat- 
ing morality which are not explicable by the fear 
of punishment, by the hope of pleasure, or by per- 
sonal affection ” (p. 221). But it maybe affirmed, 
with equal truth, that thei'e is no trace in men of 
any actions which are not traceable to the same 
motives. If a man does anything, he does it 
either because he fears to be punished if he does 
not do it, or because he hopes to obtain pleasure 
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by doing it, or because lie gratifies his alfections^ 
by doing it* 

Assuming the position of the absolute moralists, 
let it be granted that there is a perception of riglit 
and wrong innate in every man. This means, 
simply, that when certain ideas arc presented to 
his mind, the feeling of approbation arises ; and 
when certain others, the feeling of disapprobation. 
To do your duty is to earn the approbation of your 
conscience, or moral sense ; to fail in your duty is 
to feel its disapprobation, as we all say. Now, is 
approbation a pleasure or a pain? Surely a 
pleasure. And is disapprobation a pleasure or a 
pain ? Surely a pain, Ooiise(piciitly, all tluit is 
really meant by the absolute moralists is that ihonj 
is, in the very nature of man, something whicdi 
enables him to be conscious of these partictilar 
plcasuresand pains. And when thcytalk of immut- 
able and eternal principles of morality, the only in- 
tolligiblo sense which I can put upon tlui words, is 
that the nature of man being what it is, he always 
has been, and always will be, capable of feeling these 
particular pleasures and pains. A priori, 1 have 
nothing to say against this proposition. Adm i tting 
its truth, I do not see how the moral faculty is on 
a different footing from any of the otluir faculties 
of man. If I choose to say that it is an immutable 

‘ In separating pleasure and tlu* gratili<*atiVm of allVction, I 
simi>ly follow Mr. Mivart without admitting the justicu of tin* 
Heparatioii. 
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and eternal law of human nature that “ ginger is 
hot in the mouth,” the assertion has as much 
foundation of truth as the other, though I think 
it would be expressed in needlessly pompous 
language. I must confess that I have never been 
able to understand why there should be such a 
bitter quarrel between the intuitionists and the 
utilitarians. The intuitionist is, after all, only a 
utilitarian who believes that a particular class of 
pleasures and pains has an especial importance, by 
reason of its foundation in the nature of man, and 
its inseparable connection with his very existence 
as a thinking being. And as regards the motive 
of personal affection : Love, as Spinoza profoundly 
says, is the association of pleasure with that which 
is lovecl.^ Or, to put it to the common sense of 
mankind, is the gratification of affection a pleasure 
or a pain ? Surely a pleasure. So that whether 
the motive which leads us to perform an action 
is the love of our neighbour, or the love of God, it 
is undeniable that pleasure enters into that motive. 

Thus much in reply to Mr. Mivaxt's arguments. 
I cannot but think that it is to be regretted that 
he ekes them out by ascribing to the doctrines of 
the philosophers with whom lie does not agree, 
logical consequences which have been over and 
over again proved not to flow from them : and when 
reason foils liiiri, tiies the effect of an injurious 

^ *‘Nempo, Amor nihil aliml ofit, ([nam totitia, concomitants 
idea cauaaj extermis.” — III. xiii. 
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nickname. According to tlie views of Mr. Si)encer, 
Mr. Mill, and Mr. Darwin, Mr. Mivart tells 
us, '‘mrtue is a mere hind of retrumng and, 
that we may not miss the point of the joke, he 
puts it in italics. But what if it is ? Does that 
make it less virtue 1 Suppose I say that sculp- 
ture is a "'mere way" of stonc-cutting, and 
painting a " mere way " of daubing canvas, and 
music a "mere way" of making a noise, the 
statements are quite true; but they only show 
that I see no other method of depreciating some 
of the noblest aspects of humanity than that of 
using language in an inadequate and misleading 
sense about them. And tlio peculiar inappro- 
priateness of this particular nickname to the views 
in question, arises from the circumstance which 
Mr. Mivart would doubtless have recollected, if his 
wish to ridicule had not for the moment obsctired 
his judgment— that whether the law of evolution 
applies to man or not, that of hereditary transtnis- 
sion certainly does. Mr. Mivart will liardly deny 
that a man owes a largo share of the moral 
tendencies which he exhibits to his ancestors ; and 
the man who inherits a desire to steal from a 
kleptomaniac, or a tendency to benevolence from a 
Howard, is, so far as he illustrates hereditary 
transmission, comparable to the dog who itiherits 
tlie desire to fetch a duck out of tlie water from 
his retrieving sire. So that, evoiiiti<m, or no 
evolution, moral qualiti(‘S are comparabbi to a 
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''kind of retrieving;" tliougli the comparison, if 
meant for the purposes of casting obloquy on 
evolution, does not say much for the fairness of 
those who make it. 

The Quarterly Reviewer and Mr. Mivart base 
their objections to the evolution of the mental facul- 
ties of man from those of some lower animal form 
upon what they maintain to be a difference in kind 
between the mental and moral faculties of men and 
brutes ; and I have endeavoured to show, by exposing 
the utter unsoundiiess of their philosophical basis, 
tliat these objections are devoid of importance. 

The objections which Mr. Wallace brings for- 
ward to the doctrine of the evolution of the mental 
faculties of man from those of brutes by natural 
causes, are of a different order, and require 
separate consideration. 

If I understand him rightly, ho by no means 
doubts that both the bodily and the mental facul- 
ties of man have been evolved from those of 
some lower animal ; but ho is of opinion that 
some agency beyond that which has been con- 
cerned in the evolution of ordinary animals has 
been operative in the case of man. “ A superior 
intelligence lias guided the development of man 
in a definite direction and for a special purpose, 
just as man guides the development of many 
animal and vegetable forms." ^ I understand this 

^ **The Limit, s of Natural Soleetiou as applied to Mau '' {loc, 
cU. p. S59). 
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to mean that, just as the rock -pigeon has been 
produced by natural causes, while the evolution of 
the tumbler from the blue rock has required the 
special intervention of the intelligence of man, so 
some anthropoid form may have been evolved by 
variation and natural selection ; but it could never 
have given rise to man, unless some superior intel- 
ligence had played the part of the pigeon-fancier. 

According to Mr. Wallace, “ whether we com- 
pare the savage with the higher developments of 
man, or with the brutes around him, we are alike 
driven to the conclusion, that, in his large and 
well-developed brain, he possesses an organ quite 
disproportioned to his requirements” (p. 343); 
and he asks, What is there in tlio life of the 
savage but the satisfying of the cravings of ap- 
petite in the simplest and easiest way ? What 
tlioughts, idea, or actions arc there that raise liim 
many grades above tlie elephant or the ape ? ” 
(p. 342.) I answer Mr. Wallace by citing a re- 
markable passage which occurs in his instructive 
paper on Instinct in Man and Animals.” 

“Savages make long journeys in many directions, and, their 
whole faculties l)eing directed to the subject, they gain a wide 
and accurate knowledge of the topography, not only of their 
own district, hut of all the regions round about. Every ono 
who has travelled in a new direction communicates his know- 
ledge to those who have travelled less, and descriptions of routes 
and localities, and minute incidents of travel, form one of the 
main staples of conversation around the evening fire. Every 
wanderer or captive from another tribe adds to the store of 
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information, and, as the very existence of individuals and of 
whole families and tribes dexiends upon the completeness of this 
knowledge, all the acute perceptive faculties of the adult savage 
are directed to acquiring and perfecting it. The good hunter or 
warrior thus comes to know the bearing of every hill and moun- 
tain range, the directions and junctions of all the streams, the 
situation of each tract characterised by peculiar vegetation, not 
only within the area he has himself traversed, but perhaps for 
a hundred miles around it. His acute observation enables him 
to detect the slightest undulations of the surface, the various 
changes of subsoil and alterations in the character of the vegeta- 
tion that would be quite imperceptible to a stranger. His eye is 
always open to the direction in which he is going ; the mossy 
side of trees, the presence of certain plants under the shade of 
rocks, the morning and evening flight of birds, are to him 
indications of direction almost as sure as the sun in the heavens’' 
(pp. 207, 208). 

I have seen enough of savages to be able to 
declare that nothing can be more admirable than 
this description of what a savage has to learn. 
But it is incomplete. Add to all this the know- 
ledge which a savage is obliged to gain of the 
properties of plants, of the characters and habits 
of animals, and of the minute indications by which 
their course is discoverable : consider that even an 
Australian can make excellent baskets and nets, 
and neatly fitted and beautifully balanced spears ; 
that he learns to use these so as to be able to 
transfix a quartern loaf at sixty yards; and that 
very often, as in the case of the American Indians, 
the language of a savage exhibits complexities 
which a well-trained European finds it difficult to 
master : consider that every time a savage tracks 
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his game ho employs a minuteness of observation, 
and an accuracy of inductive and deductive reason- 
ing which, applied to other matters, would assure 
some reputation to a man of science, and I think 
we need ask no further why he possesses such a 
fair supply of brains. In complexity and dijfficulty, 
I should say that the intellectual labour of a good 
hunter or warrior considerably exceeds that of 
an ordinary Englishman. The Civil Service Ex- 
aminers are held in great terror by young English- 
men ; but even their ferocity never tempted them 
to require a candidate to possess such a kn(Avlt*dge 
of a parish as Mr, Wallace justly points out 
savages may possess of an area a hundred miles 
or more in diameter. 

But supi)ose, for the sake of argunumt, that a 
savage has more brains than seems proportiomul 
to liis wants, all that can be said is that the ohjijc- 
tiou to natural selection, if it be oiks ap]>lies 
as strongly to the lower animals. The brain of a 
porpoise is quite wonderM for its mass, aiid For tlu^ 
development of the cerebral convolutions. And 
yet since we have ceased to cretlit the story of 
Arion, it is hard to believe that porpoises «are much 
troubled with intellect : and still more difficult is 
it to imagine that their big brains arc only a pre- 
paration for the advent of some accomi>lished 
cetacean of the future. Surely, again, a wolf must 
have too much brains, or else how is it that a dog 
with only the same quantity and form of brain is 
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able to develop siioli singular iutelligcnco ? Tho 
wolf stands to the dog in the same relation as the 
savage to the man ; and, therefore, if Mr. Wallace’s 
doctrine holds good, a higher power must have 
suporintended the breeding up of wolves from 
some inferior stock, in order to prepare them to 
become dogs. 

Mr. Wallac^e further maintains tliat the origin 
of some of man’s mental faculties by the preserva- 
tion of usofu] variations is not possible. Such, 
for example, fire “ the capacity to form ideal con- 
(joptions of spacui and time., of c^t(*.riilty and infin- 
ity; tlie ca])a(;ity for intense artistic fotdings of 
pU^asnni iii form, (u»lour, and composition ; and for 
those abstract notions of form a, ml number which 

'V 

r(‘n(hu*g(^om(ttry and arithmetic ]»ossible.” ‘"How,” 
he asks, weni all or any of ihestj faculties first 
diweloped, wluui tlay (‘ould have biion of no pos- 
sihh‘, use to man in liis (‘arly stagi^s of l)arbarisin ? ” 

Surely tluj answ<‘r is not far to st‘ek. The 
low<*si savagi‘s a, re as <U‘voi(l of a.ny such concep- 
tiims as the brut<‘S themK(‘.lv(‘S. What sort of 
eon<H»ptions of spacu^ and tinu^ of form and num- 
bt^r, can be ])ohs(‘HS(‘<1 by a savag<^ who has not got 
so far as to be able to count beyond five or six, who 
do(‘H not know how to draw a triangle or a circle, 
and has not the rmnoUwt notion of separating tho 
pa.rti<mlar (juality wo call form, from the other 
<jualiti<*s of bodi(‘S ? None of tluwt oapmties are 
exhihitcil l>y men, unh*Hs iluy form part of a 

von. II N 
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tolerably advanced society. And, in such a society, 
there are abundant conditions by which a selective 
influence is exerted in favour of those persons wlio 
exhibit an approximation towards the possession 
of these capacities. 

The savage who can amuse his fellows by telling 
a good story over the nightly fire, is held by them 
in esteem and rewarded, in one way or another, 
for so doing — in other words, it is an advantage to 
him to possess this power. He who can carve a 
paddle, or the figure-head of a canoe better, 
similarly profits beyond his duller neighbour. 
who counts a little better than others, gets most 
yams when barter is going on, and forms the 
shrewdest estimate of the numbers of an opposing 
tribe. The experience of daily life shows that the 
conditions of our present social existence exercise 
the most extraordinarily powerful selective infliuuict} 
in favour of novelists, artists, and strong intclkKd.s 
of all kinds ; and it seems unquestionablo that all 
forms of social existence must have had the same 
tendency, if we consider the indisputable facts tliat 
even animals possess the power of distinguishing 
form and number, and that they are capable of 
deriving pleasure from particular fonns and 
sounds. If we admit, as Mr. Wallace does, that 
the lowest savages are not raised '^mauy grades 
above the elephant and tho ape;” and if we 
further admit, as I contend must bo admitted, that 
the conditions of social life tend, powerfully, to 
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give an advantage to those individuals who 
vary in the direction of intellectual or aesthetic 
excellence, what is there to interfere with the 
belief that these higher faculties, like the rest, owe 
their development to natural selection ? 

Finally, with respect to the development of the 
moral sense out of the simple feelings of pleasure 
and pain, liking and disliking, with which the 
lower animals are provided, I can find nothing in 
Mr. Wallace's reasonings which has not already 
been met by Mr. Mill, Mr. «• Spencer, or Mr. 
Darwin. 

I do not propose to follow the Quarterly 
Reviewer and Mr. Mivart through the long string 
of objections in matters of detail which they 
bring against Mr. Darwin's views. Every one who 
has considered tlie matter carefully will be able to 
ferret out as many more difficulties " j but he 
will also, I believe, fail as completely as they 
appear to mo to have done, in bringing forward 
any fact which is really contradictory of Mr. 
Uarwin^s views. Occasionally, too, their objections 
and criticisms are based upon errors of their own. 
As, for example, when Mr. Mivart and the 
Quarterly Eoviowor insist upon the resemblances 
between the eyes of Cejphalopodci and Vcrtcbmta\ 
quite forgetting that there are striking and alto- 
gether fundamental differences between them ; or 
when the Quarterly Reviewer corrects Mr. Darwin 

N 2 
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for saying that the gibbons, '' without having bo(in 
taught, can walk or run upright wiili tolerfihh^ 
quickness, though they move awkwardly, and much 
less securely than man/’ The Quarterly Reviewin’ 
says, “ This is a little misleading, inasmuch as it is 
not stated that this upright progression is effected 
by placing the enormously long arms behind the 
head, or holding them out backwards as a l^alancci 
in progression,” 

Now, before carping at a small statement like 
this, the Quarterly Reviewer should liavt^ madti 
sure that he was quite right. But ho happens to 
be quite wrong. I suspect ho got his notion iff 
the manner in which a gibbon walks from a citation 
in Man’s Place in Nature.” But at that tmw. I 
had not seen a gibbon walk. Since then f liavi*, 
and I can testify that nothing can be mor(‘ pr(*{‘is<‘ 
than Mr. Darwin’s statement. Tha gi}>h<ni I saw 
walked without cither putting his unns behind 
his head or Iiolding them out backwards. AH In* 
did was to touch the ground with tlie outstn^hdieil 
fingers of his long arms now and tlion, just as oim 
sees a man who carries a stick, but docs tiot imiA 
one, touch the ground witli it as ho walks along. 

Again, a large number of theo))j(‘ctions brouglit 
forward by Mr. Mivart and tlio Quarterly Rewiewor 
^PPly evolution in general, (juitt* as much m in 
the particular form of that doctrine advo<5at<*d by 
Mr. Darwin ; or, to their notions of Mr. Darwin’s 
views and not to what they really arii. An (ixeed- 
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lent example of this class of difficulties is to he 
found in Mr. Mivart’s chapter on Independent 
Similarities of Structure.” Mr. Mivart says that 
those cannot he explained by an absolute and 
puro Darwinian,” but that an innate power and 
evolutionary law, aided by the corrective action 
of natural selection, should have furnished like 
needs with like aids, is not at all improbable” 

(p. 82). 

I do not exactly know what Mr. Mivart means 
by an absolute and pure Darwinian;” indeed 
Mr. Mivart in tikes that creature hold so many 
singular opinions that I doubt if I can ever have 
seen oiui alive. But I find nothing in his 
statement of the view whicli ho imagines to bo 
originated by himself, which is really inconsistent 
witli whtit I understand to bo Mr. Darwin’s views. 

I apprelujiid that the foundation of the theory 
of naf.ural sehsetion is the fact that living bodies 
i<‘rul incessantly to vary. This variation is neither 
iiuhduiihs nor fortuitous, nor docs it take place in 
all dinuitious, in the strict sense of these words. 

AccuraU^ly speaking, it is not indefinite, nor 
docs it taket jdacc in all <lirections, because it is 
limited by the general characters of the typo to 
which the organism exhibiting the variation 
belongs. A whale does not tend to vary in the 
direction of producing feathers, nor a bird in the 
direction of developing wlialcbonc. In popular 
language there is no harm in saying that the 
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waves which break upon the sea-shore arc inde- 
finite, fortuitous, and break in all directions. In 
scientific language, on the contrary, such a state- 
ment would be a gross error, inasmuch as every 
particle of foam is the result of perfectly definite 
forces, operating according to no less definite laws. 
In like manner, every variation of a living form, 
however minute, however apparently accidental, is 
inconceivable except as the expression of the 
operation of molecular forces or powers resident 
within the organism. And, as these forces cor tai 1 1 ly 
operate according to definite laws, tlicir gciimral 
result is, doubtless, in accordance with some general 
law which subsumes them all And there ajjpoars 
to be no objection to call this an ''evolutionary 
law.” But nobody is the wiser fordoing so, or has 
thereby contributed, in the least degree, to tJn; 
advance of the doctrine of evolution, tlui 
need of which is a theory of variation. 

When Mr. Mivart tells us that his "aim has 
been to support the doctrine that these specifis 
have been evolved by ordinary mtuml laws (for 
the most part unknown), aided by the suhordinah 
action of ' natural selection ' (pp. 332-3), luj mtnm 
to be of opinion that his enterprise has ilw merit 
of novelty. All I can say is that I have never Iia<! 
the slightest notion that Mr. Darwin's aim is in 
any way dijBferent from this. If I affirm that 
" species have been evolved by variatioij ^ (a natural 
^ IxiclTiding under tliis head hereditary 
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process, tlie laws of wliiclx are for the most part 
iiiikiiown), aided by the subordinate action of 
natural selection,” it seems to me that I enunciate 
a pro 2 )osition which constitutes the very pith and 
marrow of the first edition of the “ Origin of 
Speci(^.s.” And what the evolutionist stands in 
need of just now, is not an iteration of the funda- 
mental principle of Darwinism, but some light 
upon the (luestions, What are the limits of varia- 
tion ? and, If a variety has arisen, can that variety 
be perpetuated, or even intensified, when selective 
conditions arc indifferent, or perhaps unfavourable 
to its (‘xistenco ? I cannot find that Mr. Darwin 
has ev(‘,r becui v(‘ry dogmatic in answering these 
<[uestions. B^ormerly, he scums to liavc inclined 
to reply to them in the negative, wdiile now his 
inclination is the other way. Leaving aside those 
broad (piostions of theology, pliilosophy, and 
ethics, by the discussion of which neither the 
Quart(*rly Ihivicuvcr nor Mr. Mivari can ho said to 
hav(j dainag(‘<l Darwinism — whatever else they 
havti ijijur(?<l — this is what Iheir criticisms come 
to. Tlujy confound a struggh^ for soiiuj rifle-pits 
with an assault on the fortress. 

In some r(5Specis, finally, I can only characterise 
the Quarttjrly Kevicjwor's treatment of Mr. Darwin 
ms alil«i unjust ari<l tinbecorning. Language of 
this sirengtii re(iuiros justification, and on that 
ground I ad<l the remarks which follow. 

'The Quarterly Eeviewc^r opems his essay by a 
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careful enumeration of all those points upon which, 
during the course of thirteen years of incessant 
labour, Mr. Darwin has moditied his opinions. It 
has often and justly been remarked, that what 
strikes a candid student of Mr. Darwin^s works is 
not so much his industry, his knowledge, or even 
the surprising fertility of his inventive genius; 
but that unswerving truthfulness and honesty 
which never permit him to hide a weak })laco, or 
gloss over a difficulty, but lead him, on all occa- 
sions, to point out the weak places in liis own 
armour, and even sometimes, it aj^pears to me, to 
make admissions against himself which arc (piite 
unnecessary. A critic who desires to attack Mr, 
Darwin has only to read his works with a desire to 
observe, not their merits, but their defects, an<l 
will find, ready to hand, more adverse suggestions 
than are likely ever to have suggested themstdvos 
to his own sharpness, without Mr. Darwin h self- 
denying aid. 

Now this quality of scientific candour i.s not m 
common that it needs to be discouraged ; and it 
appears to me to deservo other treatment than 
that adopted by the Quarterly Reviewer, who deals 
with Mr. Darwin as an Old Bailey barrister deals 
with a man against whom he wishes to obtain a 
conviction, ^er fas aut nefas, and opens liis cas(} 
by endeavouring to create a prejudice against iho 
prisoner in the minds of the jury. In his ciag(ir- 
ness to carry out this laudable design, the Quarterly 
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Tleviewer carmot even state the history of the 
doctrine of natural selection without an oblique 
and entirely unjustifiable attempt to depreciate 
Mr. Darwin. To Mr. Darwin,” says he, and 
(through Mr. Wallace’s reticence) to Mr. Darwin 
alone, is due the credit of having first brought it 
proiuimiiitly forward and demonstrated its truth.” 
No omt can less desire than I do, to throw a doubt 
upon Mr. Wallactj’s originality, or to question his 
claim to the honour of being one of the originators 
of the drK‘trintj of natural S(dcction ; but thcstatc- 
numt that Mr. Darwin has the solo credit of 
originating th(Mlo<‘trino h(tcause of Mr. Wallace’s 
ro‘t.ieeu<uj is niniply ridiculous. The i>roof of this 
is, in the lirst place*-, afforded by Mr. Wallace him*" 
self, whose nobl(^ fr<‘(‘dom from petty jealousy in 
this iriatler .smalhn* folk would <lo well to imitate, 
and who writes thus : I have felt all my life, 
att<l 1 still feel, the, most sine(ir(i satisfaction 
tha-i Mr. Darwin had ])een at w<n-k long before 
iiK*, and tluit it, wa-s not. left for me. to attcunpt to 
write tin* ‘(Origin of Spec/n‘s.’ I have long since 
meastired my own strength, and know wi*Jl that it 
wotdd qR*d'<‘ niuuiual to that task.” So tliat if 
tlntrc was any r<d.i(H‘nc(^ at all in tlnnnattor, it was 
Mr. Darwin’s reti(*enco during the long twenty 
yi*ars of sttidy wliicdi interv<m(‘d b(itween the con- 
ct»pUon and the publication of his theory, whieli 
gava^ Mr. Wallace, the chance of being an indepem- 
tlimi discovenn- of tlut importance of natural 



186 MR. DARWIN’S CRITICS y 

selection. And, finally, if it be recollected that 
Mr. Darwin's and Mr. Wallace's essays wore 
published simultaneously in the '^Journal of the 
Linnaean Society" for 1868, it follows that the 
Reviewer, while obliquely depreciating Mr. Dar- 
win's deserts, has in reality awarded to liim a 
priority which, in legal strictness, does not exist. 

Mr. Mivart, whose opinions so often concur with 
those of the Quarterly Reviewer, puts tin*, case in 
a way, which I much regret to be obliged to say, 
is, in my judgment, quite as incoircct ; tliough 
the injustice may be less glaring. He says that 
the theory of natural selection is, in general, ex- 
clusively associated with the name of Mr. Darwin, 
" on account of the noble self-abnegation of Mr, 
Wallace." As I have said, no one can lionotir Mr. 
Wallace more than I do, both for wliat he has 
done and for what he has not clone, in liis relation 
to Mr. Darwin. And perhaps nothing is more 
creditable to him than his frank declaration that 
he could not have written such a work as the. 
Origin of Species." But, by fcliis doclarai-ion, th(i 
person most directly interested in the niattKu* re- 
pudiates, by anticipation, Mr. Mivart's suggfisUoji 
that Mr. Darwin's eminence is more or less due to 
Mr. Wallace's modesty. 
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[ 1878 ] 

In the former lialf of tlie eigliicentli century, the 
term “evolution” was introduced into biological 
writings, in order to denote tlie mode in which 
some of the most eminent physiologists of that time 
conceived tliat the generatiouH of living things took 
place ; in opposition to the hypothesis advocated, 
in the prciccding cemtury, by Harvey in that re- 
markable work ^ which would give him a claim to 
rank among tlie founders of biological science, even 
had lie not been the discoverer of tlio circulation 
of the blood. 

One of Harv(iy\s prime objects is to defend and 
establish, on the basis of direct observation, the 
opinion already held by Aristotle ; that, in the 
higher animals at any i%ate, the formation of the 

^ lluj MxGTcikttioim ih (hmmtiom Animalium, which Dr 
C}<jorgc Knt; cxtriwjtod from him and pnblishod in 1661. 
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new organism by the process of generation takes 
place, not suddenly, by simultaneous accretion of 
rudiments of all, or of the most important, of the 
organs of the adult; nor by sudden metamorphosis 
of a formative substance into a miniature of the 
whole, which subsequently grows ; but by cjpigcMm, 
or successive differentiation of a relatively homo- 
geneous rudiment into the parts and structures 
which are characteristic of the adult. 


‘*Et prim6, q^uidem, quoniam per epiffmmn sivo parti iiiii 
STiperexorientiuin additamentum pullum fabricari certum ent ; 
qusBiiam pars ante alias onines exstruatur, et quid de ilia ejusipic 
generandi mode observandum veniat, dispiciemus. liatuwiHaiuj 
est ct in ovo manifesto apparet qnod Aristotolas de perfoctorwm 
animalium generationo onuntiat: nimirum, non oiimcs party's 
simiil fieri, sed ordino aliam post aliam ; priiniimquo exintere 
particulam genitalem, cujns virtute postea (tanquam ox prin<!ij»ir) 
quodam) reliqn® omnes partes prosiliant. Qualora in jdantanun 
seminibns (fabis, put^, aut glandibus) gemmam sivo apiotsin pro- 
tuberantem cernimus, totius futurse arboris prinoipiuni. Mim 
7i(xc particula i)cl%t films eimmj[)atus scormmiUG coUocatm, rf> 
prtTiGipum per se mmns ; unde postea memhrormi ordo descrih^ 
itur ; et qmsmn/im ad absolvencium armml periitmi^ diuptm* 
untur.^ Quoma.m enim mclla pars $e ipsam gemrat; mlpmi- 
quam gemrata est^ se ipsamjain auget; ideo cam priniilm oriri 
necesse est^ quee principum aicgerdi contimat {sive e%m planta, 
sive animal est, ccqm omnibus imst quod ^oim Meat wt/eMndt] 
szve nutriendi),^ simnlque rcliquas omnes partes suo mmmuuo 
ordmedistinguatet fomet; proindeque in eadem primogemita 
particula anima primario inest, sensus, motusque, ot tatius vitto 
aiictor et principium. ” (Exercitatio 51. ) 
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Harvey proceeds to contrast this view with that 
of the Medici,” or followers of Hippocrates and 
Galen, who, badly philosophising,” imagined that 
the brain, the heart, and the liver were simul- 
taneously first generated in the form of vesicles ; 
and, at the same time, while expressing his 
agreement with Aristotle in the principle of epi- 
genesis, he maintains that it is the blood which is 
the primal generative part, and not, as Aristotle 
thought, the heart. 

In the latter part of the seventeenth century, 
the doctrine of epigenesis, thus advocated by 
Harvey, was controverted, on the ground of direct 
obsorvatir)n, by Malpighi, who affirmed that the 
body of the chick is to be seen in the egg, before 
the punct%m sanguineum makes it appearance. 
But, from this perfectly correct observation a con- 
clusion which is by no means warranted was drawn ; 
liamoly, that the chick, as a whole, really exists in 
the egg antecedently to incubation ; and that what 
happens in tlie course of the latter process is no 
addition of new parts, ''alias post alias natas,” as 
Harvey puts it, but a simple expansion, or unfold- 
ing, of the organs which already exist, though they 
arc too small and inconspicuous to be discovered. 
The weight of Mali)ighrs observations therefore 
fell into the scale of that doctrine which Harvey 
terms mekimooyhosis, in contradistinction to epi- 
genesis. 

The views of Malphigi wore warmly welcomed, 
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on philosophical grounds, by Leibnitz,’ 'vvho fbninl 
in them a support to his I]iypotli<‘siH of monuds. 
and by Malebranche ; ^ while, in the niidtllo of tho 
eighteenth century, not only speculative oonsidor- 
ations, but a great number of now and inti'n^stiiiji; 
observations on the phenomena of goncrathm, led 
the ingenious Bonnet, and Ifaller,^ tluj first piiysi- 
ologistofthe age, to adopt, advocate, and extend 
them. 


^ “Cepondant, pour revenir fornios ordinal ms on mix 
S-ines materieUea, cette duree qu*il leur faut attrilnu‘r a la pla-*' 
do celle qu*on avoit attrUmee aux atom<‘s pourroit fain* diaOM 
si elles nc vont pas do corps on corps ; co qui ft(‘roit la t»»' 
teinpsycliose, k pen pr^s comme <picl(pui8 philosophi'.s out i»rij 
transmission du mouvoiuont et ctdlo dcs osjh'coh. Maia ndt*' 
imagination oat Men ^loignee do la natimi doa (diOHrs. 11 »’v a 
point do tel passage; et o'est mi oil 1 (‘h traiisfunnat ions ‘fit* 
Messieurs Swammordam, Malpiglii, ot qui Nonf 

dcsplusexeellens observateurs donotre toms, soui vemn*.*, u iitou 
seconrs, et m'ont fait admetlro plus aisoment, tpn.' ranim.d, rt 
toute autre substance organisdo no mnmenou j»oiiii loriqui n“»J + 
le croyons, et que sa gomfrutioii appaiviito quuo-' d. . 
voloppementoi une esp6ee d’angmciitation. Am.si ai m ' 

quePauteur do la HechrchaU la Fen^, M. Itrgis, M, H.un 
seeker, et d’autros babiloa boinmcH n’oiil pas i-to fort vifmno 
sentiment. Leibnitz, Noumvit, de, lu 

1695. The doctrine of * Emboitemont ” in nmtaliiHl in tbr 
OomMratims mr le Prindpe de Fie, 1705 ; Urn to tbi- 

/a ; and the Primipes (k la Nature, et de to (ffuet 

\S e), 1718. 


'*11 est TOique la pens(Se la jdus raisonuabh* cl lu rdtj;. 
conforme k 1 experience sur cotto question tri‘H dUncih- ii u 

formas avani memo Taction par laqnelle ils soni .•oiicii^ id on*- 
font que lent douncr IW-rowndiualt onlbmjr 
dans le tomps de la grossessc." JUe la /kclicnite de l*i 

livro ii. chap. vilp. 334, 7th ed., 1721. ’ 

to the evidence contained in a mU to llallor’s edition of ftm r» 

a Prmketiou.es Jcrtd&mir(f>,voh v, pt, ii. i>, 41i7 nuhli^ihi*d 
m 1?44, that liallor originally ' 
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Bonnet affirms that, before fecundation, the hen's 
egg contains an excessively minute but complete 
chick ; and that fecundation and incubation simply 
cause this germ to absorb nutritious matters, which 
are deposited in the interstices of the elementary 
structures of which the miniature chick, or germ, 
is made up. The consequence of this intussuscep- 
tive growth is the development ” or evolution " 
of the germ into the visible bird. Thus an organ- 
ised individual {tout organist) '' is a composite body 
consisting of the original, or elementary, parts and 
of the matters which have been associated with 
them by the aid of nutrition ; ” so that, if these 
matters could be extracted from the individual 
{tout), it would, so to speak, become concentrated 
in a point, and would thus be restored to its 
primitive condition of a germ; ''just as by extract- 
ing from a bone the calcareous substance which is 
the source of its hardness, it is reduced to its 
primitive state of gristle or membrane." ^ 

"Evolution” and "development” are, for 
Bonnet, synonymous terms ; and since by " evolu- 
tion ” he means simply the expansion of that 
which was invisible into visibility, he was natur- 
ally led to the conclusion, at which Leibnitz had 
arrived by a different line of reasoning, that no 
such thing as generation, in the proper sense of 
the word, exists in Nature. The growth of an 


^ Considerations sur les Corps organises, chap. 3c. 
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organic being is simply a process of enlargeimaii 
as a particle of dry gelatine may be swilled 
up by the intussusception of water; its death 
is a shrinkage, such as the swelled jelly miglit 
undergo on desiccation. Nothing really now is 
produced in the living world, but the germs which 
develop have existed since the beginning of things ; 
and nothing really dies, but, when what we call 
death takes place, the living thing shrinks back 
into its germ state.^ 

The two parts of Bonnet’s hypothesis, naiudy. 
the doctrine that all living things proceed from 
pre-existing germs, and that these contain, oiui 

^ Bonnet had the courage of his opinions, and in tin* 
Fali%g6nisie PMloaopMqWy i)ai*t vi. ohap. iv., Im duvidops a 
hypothesis which he terms “Evolution naturidlo ; and wliich,^ 
making allowance for his jjeculiar views of the nature of 
generation, hears no small resemblance to what is understootl 
by ‘‘evolution ” at the i)rescnt day 

“Silavolonte divine a cree par un seul Aide rUniversalhe 
des Stres, d’ou venoient ces plantes et ccs aniinanx dont Muyse 
nous decrit la Production au troisieme et au cimpuenu^ jour du 
renouvellement de noti’c mondo ? 

“ Abuserois*je de la liberte do conjectures si jo disois, ques 
Plantes et les Animanx qui existent aujoimrimi sent parveums 
par une sorte d’evolutiou naturelle tle-s Etrt^s organ ises qui 
peuplaient ce premier Monde, soiti immediatement des Mainh 
du CitJiJATETJB ? . . . 

“No supposons quo trois revolutions. La Terro viim t de soH i r 
des Mains du Createuii, Des caims preparees par sa Haokhhe 
font developper do toutes parts les Gernios. Etres organises 
commencont jouir de rexistonce. Ils otoient prol)abJ(mu*nt 
alors bien dilFerens de co qu’ils sont aujourd’hui. Ils Tetoient 
autant quo ce premier Monde dilTeroit de ccliu quo nous habi tons. 
Nous manquons de moyens pour juger do ces diHsenildanees, 
et peut-Stre quo lo plus liabiie Naturalists qui auroit plaet^. 
dans ce premier Monde y auroit entifermnent m^connu nos Plan les 
et nos Animaux,” 
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inclosed within the other, the germs of all future 
living things, which is the hypothesis of “ ewioiic- 
imnt ; ” and the doctrine that every germ contains 
in miniature all the organs of the adult, which is 
the hypothesis of evolution or development, in the 
primary senses of these words, must be carefully 
distinguished. In fact, while holding firmly by 
the former. Bonnet more or less modified the 
latter in his later writings, and, at length, ho 
admits that a “germ” need not bo an actual 
miniature of the organism ; but that it may be 
merely an “original preformation” capable of 
producing the latter.^ 

But, thus defined, the germ is neither more nor 
less than the “ particula genitalis ” of Aristotle, 
or the “primordiuin vegetale” or “ovum” of 
Harvey; and the “evolution" of such a germ 
would not be distinguishable from “epigenesis.” 

Supported by the great axithority of Haller, the 
doctrine of evolution, or development, prevailed 
throughout the whole of the eighteenth century, 
and Cuvier appears to have STibstantially adopted 
Bonnot’s later views, though probably he would 
not have gone all lengths in the direction of 
“ omboitement.” In a well-known note to 
LauriUard’s “ filoge,” prefixed to the last edition 

^ Oc mot (gemo) n(^ <losignera pas seuloracnt tiii corps 
organiHo Hduiien^eiit ; il dosigiiora oiioore touts cspfece de^r^- 
formaiion originelle dont un Tout organiqtce pent HsiClHr comTue 
do sonprimipi — Talimjinesio Philosophiqioet part x. 

chap, ii, 

VOL. II 


0 
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of the Ossemens fossiles,” tlio '' radical do retro '' 
is much the same thing as Aristotle's ''pariioiila 
genitalis " and Harvey's " ovum.” ^ 

Bonnet's eminent contemporary, Baffon, Indd 
nearly the same views with respect to the nature 
of the germ, and expresses them oven more con- 
fidently. 


Ceux qui ontcni quo le cosur etoit lo ])romiGr formo, wo .sent 
tromp^ ; ceux qiii disent quo e’est lo sang so troinpont au.s.d ; 
tout est forme en memo temps. Si Ton no consulto quo Bolwor- 
vation, le poulet se voit dans Toeuf avant qu'il ait ot») couvo.’* ^ 
“J’ai ouyert une grande quantile d’ceufs h diilerouH tomps 
avant et aprfes rincubation, ot je me suis convaincu par ia<*« 
yeuxque le poulet existe en entier dans lo milieu do la cioatritnilu 
au moment qu’il sort du corps de la poule.” ® 


The “moule int^rieiu:” of Bnffon is the agjrru- 
gate of elementaiy parts which coiislif.uto tlm 
individual, and is thus the equivalent of 
genu,^ as defined in the passage cited ahovo. 
But Bufibn further imagined that innumerahlo 
“ molecules organiques ” are dispersed throngliou), 
the world, and that alimentation consists in the 


1 ' . Cuvior consideiant que tons Ics Stros omaiiirntt fxmfc 

finaWA “® voyaut dans la natiiw auwitio forrii 

prodniro I'oi^nisation. oroyait h la 

I**®! ^ ^ pre-oxistenofl d’uii fitro tout |(irmr' 
teen evident que ce n’ostquepardcs (lA'i, I,.),.. 
snceessrfs que I’etre acquiert sa forme; nmk si r/,// , ? 

sexpnmer amsi, h. la pre-existonco du radical <k /VOv* 

remonte coitainement, smvant la belle observation tic Ihinui \ 
plusieurs generations. '^-Laurillard, Moffc de Omm. noU^ * 
Misfire mtwdU, tom. if. ed. il 1750, n. S50. 

Ihid , p. 351. * See particularly Buffoii, ^.6*. p. 41, 
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appropriation by the parts of an organism of those 
molecules which are analogous to them. Growth, 
therefore, was, on this hypothesis, a process 
partly of simple evolution, and partly of what has 
been termed “syngenesis.” Buflfon’s opinion is, 
in fact, a sort of combination of views, essentially 
similar to those of Bonnet, with others, somewhat 
similar to those of the “ Medici ” whom Harvey 
condemns. The “molecules organiques” are 
physical equivalents of Leibnitz’s “monads.” 

It is a striking example of the difficulty of 
getting people to use their own powers of investiga- 
tion accurately, that this form of the doctrine of 
evolution should have held its ground so long ; 
for it was thoroughly and completely exploded, 
not long after its enunciation, by Casper Friederich 
Wolff, who in his “Theoria Generationis,'’ pub- 
lished in 1769, placed the opposite theory of 
epigenesis upon the secure foundation of fact, 
from which it has never been displaced. But 
Wolff had no immediate successors. The school 
of Cuvier was lamentably deficient in embryo- 
logists ; and it was only in the course of the first 
thirty years of the present century, that Prdvost 
and Dumas in Franco, and, later on, Dollinger, 
Pander, Y on Biir, Rathke, and Remak in Germany, 
founded modern embryology ; while, at the same 
time, they proved the «tter incompatibility of the 
hypotliosis of evolution, as formulated by Bonnet 
and Haller, with easily demonstrable facts. 
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Nevertheless, though the conceptions originally 
denoted by /^evolution” and ^'development** were 
shown to be untenable, the words retained their 
application to the process by which the embryos of 
living beings gradually make their appearance ; 
and the terms "Development,” " Entwickeliing/* 
and ‘^Evolutio,” are now indiscriminately used for 
the series of genetic changes exhibited by living 
beings, by writers who would emphatically dony 
that " Development ” or "Entwickelung” or 
" Evolutio,” in the sense in which these words 
were usually employed by Bonnet or by Haller, 
ever occurs. 

Evolution, or development^ is, in fact, at preseni 
employed in biology as a general name tor the 
histoiy of the steps by which any living Iming has 
acquired the morphologicjil and the pliysiologica! 
characters which distinguish it As civil idskiry 
may be divided into biography, whicli is the liiHiory 
of individuals, and universal history, which is the 
history of the human race, so evolution talk 
naturally into two categories— the evolution of the 
individual, and the evolution of the sum of living 
beings. It will be convenient to deal with the 
modern doctrine of evolution under these two headi. 

li TM Evolution of the Iniividmi* 

No exception is at iliis to the 

general law, established upon an immenao nitiili’* 
tude of direct observations, that every living thing 
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is evolved from a particle of matter in whicli no 
trace of the distinctive characters of the adult 
form of that living thing is discernible. This 
particle is termed a germ, Harvey^ says — 

“Omuibus viventibus primordium insit, ex quo et a quo pro- 
veniant. Liceat hoc nobis mgetaU nominare ; nempe 
substantiam quandam corpoream vitam habentem potenti^ ; vel 
quoddam per se existens, quod aptum sit, in vegetativam 
formam, ab interiio principio operante, mutari. Quale nempe 
primordium, ovum est ct plantarum semen ; tale etiam vivi- 
parorum conceptus, et insectorum vermis ab Aristotele dictus : 
diversa scilicet diversorum viventium x>rimordia.” 

The definition of a germ as matter potentially 
alive, and having within itsolf the tendency to 
assume a definite living form,’^ appears to meet 
all the requirements of modern science. For, 
notwithstanding it might be justly questioned 
whether a germ is not merely potentially, but 
rather actually, alive, though its vital manifesta- 
tions are reduced to a minimum, the term 

potential '' may fairly be used in a sense broad 
enough to osctipe the objection. And the quali- 
fication of potential has the advantage of 
reminding us that the great characteristic of 
the germ is not so much what it is, but what it 
may, under suitable conditions, become. Harvey 
shared tlm belief of Aristotle — whose writings he 
so often quotes and of whom he speaks as his 

1 JRxGTcUatioim de Generatiom. Ex. 62, *‘Ovuiu cssc 
primordium commune omnibus animalibus.” 
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precursor and model, with the generous respect with 
which one genuine worker should regard another 
—that such germs may arise by a process of 
“ equivocal generation out of not-iiving matter ; 
and the aphorism so commonly ascribed to him, 
“ omfie mmm ex ovo*' and which is indeed a fair 
summary of his reiterated assertions, though 
incessantly employed against the modern advo- 
cates of spontaneous generation, can be honestly 
so used only by those who have never read a 
score of pages of the “ Exercitationes.” Harvey, 
in fact, believed as implicitly as Aristotle did in the 
equivocal generation of the lower animals. But, 
while the course of modern investigation has only 
brought out into greater prominence the accuracy 
of Harvey's conception of the nature and mode of 
development of germs, it has as distinctly tended 
to disprove the occurrence of equivocal generation, 
or abiogenesis, in the present course of nature. 
In the immense majority of both plants and 
animals, it is certain that the germ is not merely 
a body in which life is dormant or potential, but 
that it is itself simply a detached portion of 
the substance of a pre-existing living body ; and 
the evidence has yet to be adduced which will 
satisfy any cautious reasoner that omne vivum 
ex vivo" is not as weU-established a law of 
the existing course of nature as '' omne vivum 
ex ovo." 

In all instances which have yet been investi- 
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gated, the substance of this germ has a peculiar 
cliomical composition, consisting of at fewest four 
elementary bodies, viz., carbon, hydrogen, oxygen, 
aiul nitrogen, united into the ill-defined compound 
known as protein, and associated with much 
water, and very generally, if not always, with 
sulphur and phosphorus in minute propoiiiions. 
Moreover, up to the present time, protein is known 
only as a product and constituent of living 
matter. Again, a true germ is either devoid of 
any structure discernible by optical means, or, at 
most, it is a siinjde nucleated cell.^ 

In all cases the process of evolution consists in 
a succession of changes of the form, structure, 
and functions of the genu, hy which it passes, 
st(^[» by step, from an extreme simplicity, or rela- 
tiv<^ homogeneity, of visible structure, to a greater 
or hiSB degree of complexity or heterogeneity; 
and the course of progressive differentiation is 
usually accompanied by growth, which is effected 
hy intussus(Hi|)tion. This intussusception, how- 
twor, is a very clilferent])rocess from that imagined 
eitluu* hy 'lluffon or by Bonnot. The substance 
by tht5 iwlditiou of which the germ is enlarged is 
in no case simply absorbed, ready-made, from the 
not-living world and packed bedwe^on the elemen- 
tary constituents of the germ, as Bonnet imagined; 

^ hi <»UK0H of ituiltiplv'atKnii tho germ is a cell- 

— if wo call germ only tlnaf. whicli is already dcitached 
from tlui parent organisin. 
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still less does it consist of the “ molecules or- 
gaiiicjues of Buffon. The new material is, in great 
measure, not only absorbed but assimilated, so 
that it becomes part and parcel of the molecular 
structure of the living body into which it enters. 
And, so far from the fully developed organism 
being simply the germ plus the nutriment which 
it has absorbed, it is probable that the adult con- 
tains neither in form, nor in substance, more than 
an inappreciable fraction of the constituents of 
the germ, and that it is almost, if not wholly, 
inade up of assimilated and metamorphosed 
nutriment. In the gi’eat majority of cases, at 
any rate, the full-grown organism becomes what 
it is by the absorption of not-living matter, and 
its conversion into living matter of a specific type. 
As Harvey says (Ex. 45), all parts of the body 
are nourished ab eodem succo alibili, aliter 
aliterque cambiato,” "ut plantse omnes ex eodem 
communi nutrimento (sive rore sou terrm 
humore).” 

In all animals and plants above the lowest the 
germ is a nucleated cell, using that term in its 
broadest sense ; and the first step in the process 
of the evolution of the individuai is the division 
of this cell into two or more portions. The pro- 
cess of division is repeated, until the organism, 
from being unicellular, becomes multicellular. 
The single cell becomes a cell-aggregate ; and it 
is to the growth and metamorphosis of the cells 
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of the cell-aggregate thus produced, that all the 
organs and tissues of the adult owe their origin. 

In certain animals belonging to every one of 
the chief groups into which the Metazoa are 
divisible, the cells of the cell-aggregate which 
results from the process of yelk-division, and 
which is termed a morula, diverge from one 
another in such a manner as to give rise to a 
central space, around which they dispose them- 
selves as a coat or envelope ; and thus the morula 
becomes a vesicle filled with fluid, the 'planula. 
The wall of the planula is next pushed in on one 
side, or iuvaginated, whereby it is converted into 
a double-walled sac witli an opening, the ’blasto- 
'pore, which leads into the cavity lined by the 
inner wall This cavity is the primitive alimen- 
tary cavity or aQxhmteron ; the inner or inva- 
ginated layer is the hypoUast ; the outer the 
cpiUast ; and the embryo, in this stage, is termed 
a gasinda. In all the higher animals a layer of 
(jells makes its appearance between the hypoblast 
and the epiblast, and is termed the mesohlast In 
the furtlier course of develoinnent the epiblast 
becomes the ectoderm or epidermic layer of the 
body ; the hyijoblast becomes the epithelium of 
the middle portion of the alimentary canal ; and 
the mesoblast gives rise to all the other tissues, 
except the central nervous system, which origin- 
ates from an ingrowth of the epiblast. 

Witli more or less modification in detail, the 
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embryo has been observed to pass through these 
successive evolutional stages in sundry Sponges, 
Coelenterates, Worms, Echinodcrms, Tunicates, 
Arthropods, Mollusks, and Vertebrates; and there 
are valid reasons for the belief that all animals of 
higher organisation than the Protozoa agree in the 
general character of the eaidy stages of their indi- 
vidual evolution. Each, starting from the condition 
of a simple nucleated cell, becomes a cell -aggregate ; 
and this passes through a condition which re- 
presents the gastrula stage, before taking on the 
features distinctive of the group to which it belongs. 
Stated in this form, the “gastraea theory*' of 
Haeckel appears to the present writer to be one of 
most important and best founded of recent general- 
isations. So far as individual jdants and animals 
are concerned, therefore, evolution is not a specu- 
lation but a fact ; and it takes place by epigenesis. 

** Animal. . . per pxocreatur, materiam siiuul attra- 
hit, parat, concoquit, et eCidemutitur ; formatur sinml ot angotur 
. . . primum futuri corporis concrementma . . . prout augt^tur, 
(lividitur sensim et distinguitur in partes, non sinml omnos, sod 
alias post alias natas, et ordine quasque suo oniergeiites.^' ^ 

In these words, by the divination of genius, 
Harvey, in the seventeenth century, summed up 
the outcome of the work of all those who, with 
appliances he could not dream of, are continuing 
his labours in the nineteenth century. 

^ Harvey, BxGrcitationGS clc Qeiimriitione, E'?. 45, ‘HJuoenum 
sit pulli materia et quoinodo fiat in Ovo.*’ 
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Nevertheless, though the doctrine of epigenesis, 
as understood by Harvey, has definitively triumphed 
over the doctrine of evolution, as understood 
by his opponents of the eighteenth century, 
it is not impossible that, when the analysis of the 
process of development is carried still further, and 
the origin of the molecular components of the 
physically gross, though sensibly minute, bodies 
which we term germs is traced, the theory of de- 
velopment will approach more nearly to meta- 
morphosis than to epigenesis. Harvey thought 
that impregnation influenced the female organism 
as a contagion ; and that the blood, which he con- 
ceived to be the first rudiment of the germ, arose 
in the clear fluid of the ** colliquamentum of the 
ovum by a process of concrescence, as a sort of 
living precipitate. We now know, on the contrary, 
that the female germ or ovum, in all the higher 
animals and plants, is a body which possesses the 
structure of a nucleated cell; that impregnation 
consists in the fusion of the substance ^ of another 
more or loss modified nucleated cell, the male germ, 
with the ovum; and that the structural com- 
ponents of the body of the embryo are all derived, 
by a process of division, from the coalesced male 
and female germs. Hence it is conceivable, and 
indeed probable, that every part of the adult con- 
tains molecules, derived both from the male and 


^ f At any rate of tho nuclei of tho two gorjn-colls. 1893], 
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from the female parent ; and that, regarded as a 
mass of molecules, the entire organism may he com- 
pared to a web of which the warp is derived from the 
female and the woof from the male. And each of 
these may constitute one individuality, in the same 
sense as the whole organism is one individual, al- 
though the matter of the organism has been con- 
stantly changing. The primitive male and female 
molecules may play the part of Buffon’s ''moules 
organiques,’’ and mould the assimilated nutriment, 
each according to its own type, into innumerable 
new molecules. From this point of view the process, 
which, in its superficial aspect, is epigenesis, appears 
in essence, to be evolution, in the modified sense 
adopted in Bonnet’s later writings ; and develop- 
ment is merely the expansion of a potential organ- 
ism or ** original preformation ” according to fixed 
laws. 

II. The Evolution of the Bum, of Living Beings. 

The notion that all the kinds of animals and 
plants may have come into existence by the growth 
and modification of primordial germs is as old as 
speculative thought ; but the modern scientific 
form of the doctrine can be traced historically to 
the influence of several converging lines of philo- 
sophical speculation and of physical observation, 
none of which go farther back than the seven- 
teenth century. These are:— 
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1. The enunciation by Descartes of the concejfp^- 
tion that the physical universe, whether living or 
not living, is a mechanism, and that, as such, it is 
explicable on physical principles, 

2. The observation of the gradations of struc- 
ture, from extreme simplicity to very great com- 
plexity, presented by living things, and of the 
relation of these graduated forms to one another. 

3. The observation of the existence of an anal- 
ogy between the series of gradations presented by 
the species which compose any great group of 
animals or plants, and the series of embryonic 
conditions of the highest members of that group. 

4. The observation that large groups of species 
of widely different habits present the same funda- 
mental plan of structure ; and that parts of the 
same animal or plant, the functions of which are 
very different, likewise exhibit modifications of a 
common plan. 

6. The observation of the existence of structures, 
in a rudimentary and apparently useless condition, 
in one species of a group, which are fully devel- 
oped and have definite functions in other species 
of the same group. 

6. The observation of the effects of varying 
conditions in modifying living organisms. 

7. The observation of the facts of geographical 
distribution. 

8. The observation of the facts of the geological 
succession of the forms of life. 
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1. Notwithstanding the elaborate disguise which 
fear of the powers that were led Descartes to 
throw over his real opinions, it is impossible to 
read the Principes de la Pliilosophie ” without 
acquiring the conviction that this great philosopher 
held that the physical world and all things in it, 
whether living or not living, have originated by a 
process of evolution, due to the continuous opera- 
tion of purely physical causes, out of a primitive 
relatively formless matter.^ 

The following passage is especially instructive 

“Et taut s’en faut quo je veuillc quo Ton oroio toutoH 1 <*h 
choses que j’ecrirai, que mSmeje pretends en proposer ici quolques 
Tines que je crois absolument Sire fausses j ^ savoir, je no douie 
point qxio le monde n’ait ete cree au cominenceinent avet; autani 
do perfection qu’il en a ; en sorto qne lo solcil, la ton'o, la hnio, 
ct los etoiles ont itu dJjs lors j el quo la torre n’a pas cu soulemont 
en soi Ics semences dos plantcs, inais quo Ics idanten nidmo ou 
ont convert nne partie ; et qu' Adam ct Eve n'out i)as <'te 
enfansmais en dge d’hommes parfaits. La religion oIirfHiuiuie 
vent qne nons le croyons ainsi, et la raison natnrelle nous ptawiadc- 
entifereineiit cette verito ; car si irons considerons la tonte puis* 
sance de Dien, nons devons jnger qne tout ce qu’il a fait a en des 
le commencement tonte la perfection qn’il devoit avoir. Mais 
ncanmoins, comme on coiiuOitroit beauconp niioux quelle a ete la 
nature d’Adam et cello dos arbres de Baradis si on avoit exaniini) 
comment les enfants so forniont pen ^ pen dans le ventre de leura 
m^res et comment les plantcs soitent do lours s(‘nien<‘.eK, (|no si 
on avoit seuleinent consider^ quels ils ont ele quaml Dimi les a 
crees: tout do memo, nous feroiis muaix (‘nbmdre (pielle est 


^ As Buffoii Inis well said : — ** L'iduo do raniener 
de tous les plieiiomencs a dcs prineipes m(>(^ani<(n<‘H (‘si< asstirr- 
ment grande et belle, co pas est leplus liardi (ju’ou |Kmt faire en 
philosopliie, ote’est Descartes qui Ta fait/’— p. 50. 
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gentTalemcnt la nature de toutes les clioses cixd sontau monde si 
nous pouvons imaginer quelc^uea priiicipes qui soient fort intellL 
gibles et fort simples, desquols nous puissionsvoir clairomont quo 
les astres et la terre et enlintout co monde visible auroit pu Stro 
prodiiit aiiisi que de quolques semenccs (bien quo nous sacliions 
qu’il n’a pas 6te produit cn cette fao^on) quo si nous la decrivions 
seulement comme il est, ou bion comme nous croyons qu’il a ete 
cree. Et parce(iuo jo pcnso avoir trouve des principes qui sont 
tels, je tacEerai ici do los expHquer.” ^ 

If we read between the lines of this singtilar 
exhibition of force of one kind and weakness of 
another, it is clear that Descartes believed that he 
had divined the mode in which the physical uni- 
verse had been evolved; and the “Traite de 
THomme,'’ and the essay “ Sur les Passions ” afford 
abundant additional evidence that he sought for, 
and thought he had found, an explanation of the 
phenomena of physical life by deduction from 
purely physical laws. 

Spinoza abounds in the same sense, and is as 
usual perfectly candid — 

Natuuu leges et rogulje, secundum quas omnia fiunt et ex 
unis formis in alias mutantur, sunt ubiquc ot semper eadem.” ^ 

Leibnitz’s doctrine of continuity necessarily led 
him in the same direction ; and, of the infinite 
multitude of monads with which he peopled the 
world, each is supposed to be the focus of an end- 
less process of evolution and involution. In the 

^ Principes de la PhilosopTiie, Troisibme partie, § 45. 

® Mhices, I’ars tertia, Praefatio. 
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ProtogsBa” xxvi,, Leibnitz distinctly suggests the 
mutability of species— 

“ Alii mirantur in saxis passim species videii qnas vel in orbe 
cognito, vel saltern in vicinia locis frustra qnaeras. * Ita Comua 
Ammonis/ quss ex nautiloriim nnmero habeantnr, passim et 
forma et magnitudme (nam et pedali diametro aliqnando reperiun- 
tnr) ab omnibus iilis naturis discrepare dicunt, quas prsebet mare. 
Sed quis absconditos ejus recessus aut subterraneas abyssos per- 
vestigavit 1 quam multa nobis animalia antea ignota offert novus 
orbis i Et credibile est per magnas illas conversiones etiam 
animalium species plurimum immutatas.” 

Thus, in the end of the seventeenth century, 
the seed was sown which has, at intervals, brought 
forth recurrent crops of evolutional hypotheses, 
based, niGre or less completely, on general 
reasonings. 

Among the earliest of these speculations is 
that put forward by Benoit de Maillet in his 
‘‘ Telliamed,'' which, though printed in 1735, was 
not published until twenty-three years latex*. 
Considering that this book was written before the 
time of Haller, or Bonnet, or Linnseus, or Hutton, 
it surely deserves more respectful consideration 
than it usually receives. For De Mad only 
has a definite conception of the plasticity of living 
things, and of the production of existing species 
by the modification of their predecessors ; but he 
clearly apprehends the cardinal maxim of modern 
geological science, that the explanation of the 
structure of the globe is to be sought in the 
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deductive application to geological phenomena of 
the principles established inductively by the study 
of the present course of nature. Somewhat later, 
Maupertuis^ suggested a curious hypothesis as to 
the causes of variation, which he thinks may be 
sufficient to account for the origin of all animals 
from a single pair. Eobinet ^ followed out much 
the same line of thought as De Maillet, but less 
soberly ; and Bonnet’s speculations in the Paling- 
6n4sie,” which appeared in 1769, have already 
been mentioned. Buffon (1753'1778), at first a 
partisan of the absolute immutability of species, 
subsequently appears to have believed that larger 
or smaller groups of species have been produced 
by the modification of a primitive stock ; but he 
contributed nothing to the general doctrine of 
evolution. 

Erasmus Darwin (“ Zoonomia,’’ 1794), though a 
zealous evolutionist, can hardly be said to have 
made any real advance on his predecessors ; and, 
notwithstanding that Goethe (179 1-4) had the 
advantage of a wide knowledge of mox'phological 
facts, and a true insight into their signification, 
while he threw all the power of a great poet into 
the expression of his conceptions, it may be ques- 
tioned whether he supplied the doctrine of evolu- 

^ fiysUme d& la Nature, ‘‘Essai sur la Formation des Corps 
Organises,” 1751, xiv. 

“ ComivUratiom Philosophiqucs mr la gradatioTi naturelU dm 
foTTnes de VUre ; m les essais de la nature qui apprend d faire 
Vhomme, 1768. 

VOL. II 
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tioii with a firmer scientific basis than it already 
possessed. Moreover, whatever the value of 
Goethe’s labours in that field, they were not 
published before 1820, long after evolutionism had 
taken a new departure from the works of Trevir- 
anus and Lamarck — the first of its advocates who 
were equipped for their task with the needful 
large and accurate knowledge of the phenomena of 
life, as a whole. It is remarkable that each of 
these writers seems to have been led, independ- 
ently and contemporaneously, to invent the same 
name of Biology ” for the science of the pheno- 
mena of life ; and thus, following Buffon, to have 
recognised the essential unity of these phenomena, 
and their contradistinction from those of inanimate 
naturfe. And it is hard to say whether Lamarck 
or Treviranus has the priority in propounding the 
main thesis of the doctrine of evolution; for 
though the first volume of Treviranus’s Biologic ” 
appeared only in 1802, he says, in the preface to 
his later work, the “ Erscheinungen und Gesetze 
des organischen Lebens,” dated 1831, that he 
wrote the first volume of the Biologic ” '^nearly 
five-and-thirty years ago,” or about 1796. 

Now, in 1794, there is evidence that Lamarck 
held doctrines which present a striking contrast to 
those which are to be found in the ''Pliilosophio 
Zoologique,” as the following passages show ; — ■ 

“ 685. Quoique mon unique objet dans cot article n'ait ^tdquo 
de traiter de la cause physique de Tentretion do la vie doa kros 
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organiques, malgre cela j’ai ose avancer en debutant, que Texist- 
ence de ces Stres 4tonnants n’appartiennent nnllement h la 
nature ; que tout ce qu’on pout entendre par lo mot nature^ ne 
pouvoit donner la vie, e’est-^-dire, que toutes les qualites de la 
matibre, jointes b. toutes les circonstances possibles, et m^nie h. 
Tactivite repandue dans Tunivers, ne pouvaient point produire 
un 6tre muni du mouvement organique, capable de reproduire 
son semblable, et sujet h, la mort. 

“686. Tons les individus de cette nature, qui existent, pro- 
viennent d’individus semblables qui tons ensemble constituent 
Tespbee entibre. Or, je crois qu*il est aussi impossible b Thomme 
do connditre la cause pliysique du premier individu de ebaque 
espece, que d^assigner aussi pbysiqxioment la cause de Texistence 
de la matibre ou de Tunivers entier. C’est an moins ce que le 
resultat de mes connaissances et de mes reflexions me portent a 
penser. S’ll existe beau coup do varibtes produites par Teffet des 
circonstances, ces varietes nedenaturent point les espbees ; mais 
on se trompe, sans doute souvent, en indiquant comme espbee, ce 
qui n’est que variete ; et alors je sens que cette erreur pent tirer 
b, consequence dans les raisonnements que Ton fait sur cette 
matibre.”^ 

The first three volumes of Treviranus’s “ Bio- 
logic, ” which contain his general views of 
evolution, appeared between 1802 and 1805. The 
Becherches sur Y organisation des corps vivants,*' 
in which the outlines of Lamarck’s doctrines are 
given, was published in 1802 ; but the full develop- 

1 Jieeherches sur los causes des princi^aux faits :^hysiq_uesy 
par J. B, Lamarck. Paris. Secondo annee de la Eepublique. 
In the preface, Lamarck says that the work was written in 1776, 
and presented to the Academy in 1780 ; but it was not published 
before 1794, and, at that time, it presumably expressed Lamarck s 
mature views. It would be interesting to know what brought 
about the change of opinion manifested in the Eecherches sur 
VorgcmisatioTi des corps vivaniSy published only seven years 
later. 
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meat of his views, m the Philosophie 
Zoologique,” did not take place -until 1809. 

The Biologie and the " Philosophie Zoolo- 
gique ” aie both very remarkable productions, and 
are still worthy of attentive study, but they fell 
upon evil times. The vast authority of Cuvier 
was employed in support of the traditionally 
respectable hypotheses of special creation and of 
catastrophism ; and the wild speculations of the 

Discours sur les Revolutions de la Surface du 
Globe” were held to be models of sound scientific 
thinking, while the really much more sober and 
philosophical hypotheses of the ** Hydrogeologie 
were scouted. For many years it was the fashion 
to speak of Lamarck with ridicule, while Trevir- 
anus was altogether ignored. 

Nevertheless, the work had been done. The 
conception of evolution was henceforward irrepres- 
sible, and it incessantly reappears, in one shape or 
another,^ up to the year 1858, when Mr. Darwin 
and Mr. Wallace published their “Theory of 
Natural Selection.” The “Origin of Species” 
appeared in 1859; and it is within the knowledge 
of all whose memories go back to that time, that, 
henceforward, the doctrine of evolution has 
assumed a position and acquired an importance 
which it never before possessed. In the “ Origin 
of Species,” and in his other numerous and 

^ See the ‘^Historical Sketch*' prefixed to the last edition of 
the Origm of Species, 
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important contributions to the solution of the 
problem of biological evolution, Mr. Darwin con- 
fines himself to the discussion of the causes which 
have brought about the present condition of living 
matter, assuming such matter to have once come 
into existence. On the other hand, Mr. Spencer ^ 
and Professor Haeckel ^ have dealt with the whole 
problem of evolution. The profound and vigorous 
writings of Mr. Spencer embody the spirit of 
Descartes in the knowledge of our own day, and 
may be regarded as the “ Principes de la 
Philosophie of the nineteenth century; while, 
whatever hesitation may not unfrequently be felt 
by less daring minds, in following Haeckel in many 
of his speculations, his attempt to systematise the 
doctrine of evolution and to exhibit its influence 
as the central thought of modern biology, cannot 
fail to have a far-reaching influence on the progress 
of science. 

If we seek for the reason of the difference 
between the scientific position of the doctrine of 
evolution a century ago, and that which it occupies 
now, we shall find it in the great accumulation 
of facts, the several classes of which have been 
enumerated above, under the second to the eighth 
heads. For those which are grouped under the 
second to the seventh of these classes, respectively^ 
have a clear significance on the hypothesis of 

^ First FHmipleSf and Principles of Biology, 1860-1864. 

* Qenerelle Morphologic, 1866. 
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evolution, wMle they are unintelligible if that 
hypothesis be denied. And those of the eighth 
group are not only unintelligible without the 
assumption of evolution, but can be proved never 
to be discordant with that hypothesis, while, in 
some cases, they are exactly such as the hypothesis 
requires. The demonstration of these assertions 
would require a volume, but the general nature of 
the evidence on which they rest may bo briefly 
indicated. 

2. The accurate investigation of the lowest 
forms of animal life, commenced by Leeuweu]u>ek 
and Swammerdam, and continued by the remark- 
able labours of Reaumur, Trombley, Bonnet, and a 
host of other observers, in the latter part of ilie 
seventeenth and the first half of the eighteenth 
centuries, drew the attention of biologists Lo the 
gradation in the complexity of organisation wliicdi 
is presented by living beings, and culminated in 
the doctrine of the ^'4chelle des Stres,” so power- 
fully and clearly stated by Bonnet ; and, before 
him, adumbrated by Locke and by Leibnit:^. In 
the then state of knowledge, it appeared that all 
the species of animals and plants could be 
arranged in one series ; in such a manner that, by 
insensible gradations, the mineral passed into the 
plant, the plant into the polype, the polype into 
the worm, and so, through gradually higher forms 
of life, to man, at the summit of tim aniirmted 
world. 
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But, as knowledge advanced, this conception 
ceased to be tenable in the crude form in which 
it was lirst put forward. Taking into account 
existing animals and plants alone, it became 
obvious tliat they fell into groups which were 
more or less sharply separated fi*om one another ; 
and, moreover, that even the species of a genus 
can hardly ever be arranged in linear series. 
Tlieir natural resemblances and differences are 
only to be expressed by disposing them as if they 
were branches springing from a common hypo- 
thetical centre. 

Lamarck, wliile affirming the verbal proposition 
that animals form a single series, was forced by his 
vast acquaintrince %vith the details of zoology to 
limit the assertion to such a series as may be 
ftnin out of the abstractions constituted by the 
conunon (dumicters of each group.^ 

Cuvier on anatomical, and Von Baer on embryo- 
logical grounds, made the further step of proving 
iluit, iiven iti IIub limited sense, animals cannot be 
arranged in a single series, but that there are 
several distinct plans of organisation to be observed 
among them, no one of which, in its highest and 
most cainplicated modification, loruls to any of the 
otherH*- . 

V li tlaiio de |>iH>uver qu<J la s/da constitue 

aiiiiimk rasitk esw^utialloriiant <lan» k distriMtioa das 
iiiasHaB pnnei|mk‘S r|tn la aompsent at non dan« calk das espkas 
ni tonjoHVH ikiiH ocdle ika i^nrm,**’^Fhiks0phi^ Bmlog^my 

aimp, V. 
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Thi* c*(UH'.hisioi»K onmicKitc<l by Ouvier and Von 
Tijun’ liavo be<‘n coniirmed, in principle, by all 
Hubso([nent ri‘S<iarcli into tlic stnicturo of animals 
and plants. But the effect of tlie adoption of 
tlie.se conclusions has been rather to substitute a 
innv nndaplior for that of Bonnot than to abolish 
th(‘ (lonceplion expnssstsl l)y it. Iiist(‘a(l of regard- 
ing living things a.s ca])ablo of arrangement in one 
s<Ties like the stc*ps of a huhhn*, the results of 
modern invtisligation <*oinpel us to dispose them 
as if tlu*y wauu* th(^ t wigs and hrauclios of a tree. 
Tint <‘nds of tin* twigs represent individuals, the 
sinalktsi groups ol‘ twigs species, larg<a* groups 
gtuuu'a,, and so on, until \v(^ arrive* at tlie source of 
all thes(^ ramifications of tlm main Imuich, which 
is repr(*s(*nt(‘d hy eommoii ‘]>Ijui of stnieture. At 
the pr(‘Seiit moment.it is iui possible to draw up 
a.ny definithui, based cm broad anatomical or 
devclopm<‘iital eha,ra(d(‘rs, by vvbi<h any one of 
( !uvi<-r's great groups shall he sejwiraUMl from all 
tin* r<*st. On the contrary, the lower nntmbors of 
(*mh teiid to converge* towards tin* lowtu* nnunbers 
of all tin* others. Tin? samt? may be said of the 
vegiitalhi world. Tin*, apparently cl(*ar distinction 
betvvee.u tltaviU’ing and ilowiuh^ss plants has been 
brok<m down by tin? series of gradations between 
the tw<i (ixhibited l)y tl'UJ Zyvj^podiucdaif lihizo- 
Gynnoqiemum^ Tin? gr()U])S of Fmg% 
fAGmm, and Alf/m have comjdctely rmi into one 
aufither, and» wln‘n tin? lowest forms of <?ach are 
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alone considered, even the animal and vegetable 
kingdoms cease to have a definite frontier. 

If it is permissible to speak of tlie relations of 
living forms to one another metaphorically, the 
similitude chosen must undoubtedly be that of a 
common root, whence two main trunks, one repre- 
senting the vegetable and one the animal world, 
spring; and, each dividing into a few main 
branches, these subdivide into multitudes of 
branchlets and these into smaller groups of 
twigs. 

As Lamarck has well said — ^ 


“ II n’y a (j[ue coux qui so sent longtoinps et ibrteraent occupijs 
do la determination dcs ospocos, ct qui ont consul to do riches 
collections, qui peiivont savoir <iuel point les 

parmi Ics coi^is vivants sc fondent Ics uucs dans les aiitres, ct t^ui 
ont pu so convaincre quo, dans les parties oil nous voyons dcs 
espkccs isolts, cola n’ost ainsi quo ])arcequ’il nous on manque 
d’autresqui on sontplus voisines et quo nous u’avons pas ouoorc 
recucillios. 

Je no vexix pas diro pour cela quo h^s animaux <pri (‘xistent 
forinont uno scrie triis-siniplc ot i>art()ut (‘galoment nuancco ; 
mais je dis qu’ils fonnont uno scrio ranicnsc, irrcgulioivmcnt 
gmduric oi qui n'a point do discontinuitu dans s<‘,s ]>arti(‘S, outpii, 
du moins, n'en a toujoxirs pas on, s'il (^st vrai (pnj, i)ar suite do 
quclqucs osp^jcos pordues, il s’on irouvcj (piohiuo part. II on 
rcsulto quo loa espkm qui tenninent chaquo raiacau do la sthic 
gcn^ralo tionnont, au moins d*un ci^t(5, h. d’autres espeo-es voisines 
qui so nuancent avec olios. Toilii. co qiio Total hicn coimu dea 
choses me met maintonant ii portoo do domontror, Jo n'ai 
hesoin d'auouno liypotheso ni d'aucune supposition pour cela : 
j*en attesto tous les naturalistes observatours,’' 


^ Philo$(jphie Zooluyigue, premiiiro partio, chap, iii. 
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3. la a remarkable essay ^ Meckel remarks — 

“There iH no good physiologist who has iiothocn struck by 
the observation that the original form of all organisms is one and 
the same, and that out of this one form, all, the lowest as well as 
the highest, are developed in such a manner that the latter i>ass 
through the permanent forms of the former as transitory stages. 
Aristotle, Haller, Harvey, iCiolmeyer, Auleiiricdh, and many 
others, have either made this ohservation incidentally, or, 
especially tht‘ latter, have <lrawii particular attention to it, 
and deduced therefrom results of p(a*maiieut importauee for 
jiliysiology.” 

M<Jckol procoods to exemplify the thesis, that 
the lower forms of animals represent stages iu 
tlu‘, course of the dtivelopment of the higher, with 
a largo series of illustrutioiis. 

After (comparing tlu^ Salamanders and the 
perenuihraiujhiatci Ihodda with the Tadpoles aud 
the Frogs, and <muu(‘4ating the law that the more 
highly iiny animal is organise*, d tlu* mon^ (quickly 
does it }>ass through tlie lower stages, Meckel goes 
on to say — 

“ From i\nm lowost Vt‘rtc5hraia to tho highest, ami to tho 
higlutst forms among these, ihtt compariHon h»dw«!(m the embry- 
onic conditions of the higlu^r animals and the adult states of tint 
lower can be more completely and thoroughly institutfil than if 
the survey is exhmded to the luverttibrata, inasmuch as thelathir 
ariun matiyroHpe(jts constructed upon an altogether too dissimilar 
typo ; indeed they often tlilfer from one another far more tlian 
iluj lowest vtulehraie docs from tlm highest mammal ; yet tint 


^ “ Kntwurf einer Darstellung der swisclum dem Kmbryoisus- 
taiulc der h()h(U‘en Thiere uml dem penuanenten dcr xiiedoron 
statl-findcmbm Tarallelc, ” UeyMyti mi* / Amiomte^ 

lid. ii. 1811. 
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following pages will show that the compai'ison may also be 
extended to them with interest. In fact, there is a x>eriod when, 
as Aristotle long ago said, the embryo of the highest animal 
has the fonn of a mere worm ; and, devoid of internal and 
external organisation, is merely an almost structureless lumj^ of 
Ijolype substance. Noth withstanding the origin of organs^ it 
still for a certain time, by reason of its want of an internal bony 
skeleton, remains wonn and moUusk, and only later enters into 
tlie series of the Yertebrata, although traces of the vertebral 
column even in the earliest periods testify its claim to a place 
in that series.” — Op, ciL pp. 4, 5. 

If Meckel’s proposition is so far qualified, that 
the comparison of adult with embryonic forms is . 
restricted within the limits of one typo of organi- 
sation ; and, if it is further recollected that the 
resemblance between the permanent lower form 
and the embryonic stage of a higher form is not 
special but general, it is in entire accordance with 
modern embryology ; although tliore is no branch 
of biology which has grown so largely, and im- 
proved its methods so much, since Mockel’s time, 
as this. In its original form, the doctrine of 
arrest of development,” as advocated by Geoflroy 
Saint-Hilairo tind Serres, was no doubt an over- 
statement of tlie case. It is not true, for example, 
that a fish is a reptile arrested in its development, 
or that a reptile was over a fish : but it is true 
that the reptile embryo, at one stage of its 
development, is an organism which, if it liad an 
independent existence, must bo classified among 
fishes ; and all the organs of the reptile pass, in 
the course of tiicir development, through conditions 
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which are closely analogous to those whicli are 
permanent in some fishes. 

4. That branch of biology which is termed Mor- 
phology is a commentary ujDon, and expansion of, 
the proposition that widely different animals or 
plants, and widely different parts of animals or 
plants, arc constructed upon the same plan. 
From the rough comparison of the sktilcton of a 
bird with that of a man by Belon, in the sixteenth 
<‘ontury (to go no farther back), down to the 
theory of the limbs and the theory of the skull at 
the present day ; or, from the first demonstration of 
tlui homologi(‘S of th(j parts of a flower by 0. F. 
Wolff, to the pnjs(‘ni elaborate analysis of the 
floral organs, morpliology exhibits a continual 
advance towards tlui demonstration of a funda- 
mental unity among the se(iming diversities of 
living structures. And this demonstration has 
Imm completed hy the final (sstablishment of the 
cell tluiory, whith involves the admission of a 
primitiv<j conformity, not only of all tlui elemen- 
tary structures in animals and jdants respectively, 
but of those in the one of tlu^se grcjat divisions 
of living tilings with those in the other. No d 
jmori difficulty can be said to stand in the way of 
evolution, when it can be shown that all animals 
and all plants proceed by modes of development, 
wliicli are similar in principle, from a fundamental 
protoplasmic material. 

5. TheiiinunKU'abhi cases of structures, which are 
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rudimentary and apparently useless, in species, 
the close allies of which possess well-developed 
and functionally important homologous structures, 
are readily intelligible on the theory of evolution, 
while it is hard to conceive their raison d!itre on 
any other hypothesis. However, a cautious rea- 
soner will probably rather explain such cases 
deductively from the doctrine of evolution than 
endeavour to support the doctrine of evolution by 
them. For it is almost impossible to prove that 
any structure, however rudimentary, is useless — 
that is to say, that it plays no part whatever in 
the economy; and, if it is in the slightest degree 
useful, there is no reason why, on the hypothesis 
of direct creation, it should not have been created. 
Nevertheless, double-edged as is the argument 
from rudimentary organs, there is probably none 
which has produced a greater ejffect in promoting 
the genera] acceptance of the theory of evo- 
lution. 

C. The older advocates of evolution sought for the 
causes of the process exclusively in the influence of 
varying conditions, such as climate and station, or 
hybridisation, ui)ou living forms. Even Treviranus 
lias got no farther than this point. Lamarck in- 
troduced the conception of the action of an animal 
on itself as a factor in producing modification. 
Starting from the well-known fact that the 
habitual use of a limb tends to develop the muscles 
of the limb, and to produce a greater and greater 



222 


EVOLUTION IN BIOLOGY 


VI 


facility in using it, he made the general assumption 
that the effort of an animal to exert an organ in a 
given direction tends to develop the organ in that 
direction. But a little consideration showed that, 
though Lamarck had seized what, as far it goes, is 
a true cause of modification, it is a cause the actual 
effects of which are wholly inadequate to account 
for any considerable modification in animals, and 
which can have no infiuence at all iu the vegetable 
world ; and probably nothing contributed so much 
to discredit evolution, in the early part of this 
century, as the floods of easy ridicule which were 
poured upon this part of Lamarck’s speculation. 
The theory of natural selection, or survival of the 
fittest, was suggestcul by Wells in 1813, and 
furth(?r (dabt)rai.ed by Matthew in 1831. But the 
pregnant sugg<‘jstions of these writers remained 
praciioallyunn(fl»iccHl and forgotten, until thetlieory 
was in<lepend(mtly deviscul and pr()nmlgate<l by 
Darwin a.n<l Walhtce in 1858, and the effect, of its 
publication was imnnuliato and profound. 

Those who went unwilling to accei)t evolution, 
without better grounds than suclt as arc otfitnHlby 
Ijaniarck, or the author of that particularly un« 
satisfijctory book, the ‘ Vestiges of the Natural 
History of the Creation,'* and wlu> therefore 
pntf(irre<l to suspend their judgimmt on the 
([imstion, found, iu tint principle of selective 
bnteding, pursiUMl in all its ap}>lications with 
niarv(tll<)us knowledge and skill by Mr. Darwin, a 
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valid explanation of the occurrence of varieties and 
races ; and they saw clearly that, if the explanation 
would apply to species, it would not only solve the 
problem of their evolution, but that it would ac- 
count for the facts of teleology, as well as for those 
of morphology ; and for the persistence of some 
forms of life unchanged through long epochs of 
time, while others undergo comparatively rapid 
metamorphosis. 

How far ^'natural selection” suffices for the pro- 
duction of species remains to be seen. Few can 
doubt that, if not the whole cause, it is a very im- 
portant factor in that operation ; and that it must 
play a great part in the sorting out of varieties 
into those which arc transitory and those which 
are permanent. 

But the causes and conditions of variation have 
yet to be thoroughly explored ; and the importance 
of natural selection will not bo impaired, even if 
further inquiries should prove that variability 
is definite, and is determined in certain directions 
rather than in others, by conditions inherent in 
that which varies. It is quite conceivable that 
every species tends to produce varieties of a 
limited number and kind, and that the effect of 
natural selection is to favour the development of 
some of these, while it opposes the development 
of others along tlu‘ir predetermined Hues of modi- 
fication. 

7. No truths brought to light by biological 
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investigation wore better calculated to inspire 
distrust of the dogmas intruded upon science in 
the name of theology, than those which relate to 
the distribution of animals and plants on the 
surface of the earth. Very skilful accommodation 
was needful, if tlio limitation of slotlis to South 
America, and of the ornithorhyuchus to Australia, 
was to bo reconciled with the litoral interpretation 
of the history of the deluge ; and with the estab- 
lishment of tlio existence of distinct provinces of 
distribution, any serious l)eli(jf in the peopling of 
the world by migration from Mount Ararat came 
to an end. 

Under those circumstan<'.os, only one alternative 
was left for those who denied tlio occurrence of 
evolution — namely, the sujiposition that the 
characteristic animals and plants of each great 
province were created as such, within the limits in 
which we hnd them. And as the liypothosis of 
specific ctmtrcs,’* thus fonnulated, was heterodox 
from the theological point of view, and unintelli- 
gible under its scientific aspect, it may bo passed 
over without further notice, as a phase of transi- 
tion from the creational to the evolutional hypo- 
thesis. 

8. In fact, the strongiist and most conclusive 
arguments in favour of evolution are those which 
arc based upon the facts of geographical, taken 
in conjunction with those of g(U)logical, distri- 
bution. 
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Both Mr. Darwin and Mr* Wallace lay great 
stress on the close relation which obtains between 
the existing fauna of any region and that of the 
immediately antecedent geological epoch in the 
same region ; and rightly, for it is in truth in- 
conceivable that there should be no genetic 
connection between the two. It is possible to put 
into words the proposition that all the animals and 
plants of each geological epoch were annihilated 
and that a new set of very similar forms was 
created for the next epoch ; but it may be doubted 
if any one who ever tried to form a distinct mental 
image of this process of spontaneous generation on 
the grandest scale, ever really succeeded in real- 
ising it. 

Within the last twenty years, the attention of 
the best palaeontologists has been withdrawn from 
the hodman^s work of making new species” of 
fossils, to the scientific task of completing our 
knowledge of individual species, and tracing out 
the succession of the forms presented by any 
given type in time. 

Those who desire to inform themselves of the 
nature and extent of the evidence bearing on these 
questions may consult the works of Eutimeyer, 
Gaudry, Kowalewsky, Marsh, and the writer of the 
present article* It must suffice, in this place, to 
say that the successive forms of the Equine type 
have been fully %vorked out ; while those of nearly 
all the other existing types of Ungulate mammals 

VOL. XI q 
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and of the Gamwora have heen almost as closely 
followed through tlie Tertiary deposits ; the gra- 
dations between birds and reptiles have been 
traced; and the modifications undergone by the 
Grocodilia, from the Triassic epoch to the present 
day, have been demonstrated. On the evidence of 
palajontology, the evolution of many existing forms 
of animal life from their predecessors is no longer 
an hypothesis, ])ut an historical fact ; it is only the 
nature of the physiological factors to which 
that evolution is due which is still open to dis- 
cussion. 


[At 200, tin*, roferoiictj to Erasmus Darwin does not do 
Justico to that iugmiiouH wrihir, who, in tho SDth soctiou of tlui 
Zoonom'ia', clcarl}' and ruixsaUMlly <‘mim*iuli*s tho tlioory of tho 
iiilKM’itanco of ac(iiiin»d jiiodinciitions. For oxanqdo : ‘‘From 
tluiir first rudiimmt, or i^rimordium, to tluj tormiuation of thiur 
all animals utalorgn purpi'tual transformations ; which aru 
in part produced hy thc.ir own (jxortions in c.ons(Miucnc<* of their 
(l(>sir(‘s and av(*rsions, of their pleasures and their ])ains, or of 
irritation, or of associations ; and many of Uiosti ucquinul forms 
or propioisiticH arc transmitt(Hl to their posterity.’' Zoimoma L, 
p. 500. 1893.1 



VII 


THE COMING OF AGE OF THE OEIGIN 
OF SPECIES " 

[ 1880 ] 

Many of you will bo familiar witli the aspect ot 
this small green-covered book. It is a copy of the 
first edition of the Origin of Species/’ and bears 
the date of its production — ^tlie 1st of October 
1859. Only a few months, therefore, are needed 
to complete the full tale of twenty-one years since 
its birthday. 

Those whose memories carry them back to this 
time will remember that the infant was remax'kably 
lively, and that a great number of excellent per- 
sons mistook its manifestations of a vigorous 
individuality for mere naughtiness ; in fact there 
was a very pretty turmoil about its cradle. My 
recollections of the period are particularly vivid ; 
for, having conceived a tender affection for a child 
of what appeared to mo to bo such remarkable 
promise, I acted for some time in the capacity of a 

Q 2 



228 THE COMIKG OF AGE OF Yn 

sort of under-nurse, and thus came in for luy share 
of the storms which threatened the very life of 
the young creature. For some years it was 
undoubtedly warm work; but considering how 
exceedingly unpleasant the apparition of the new- 
comer must have been to those who did not fall in 
love with him at first sight, I think it is to the 
credit of our ago that the war was not fiercer, and 
that the more bitter and unscrupulous forms of 
opposition died away as soon as they did. 

T speak of this period as of something past and 
gone, possessing merely an historical, I had almost 
said an anticpiariau interest. For, during the 
second decade of the existence of the “ Origin of 
Species,” opposition, tliough by no means dead, 
assumed a different aspect. On the part of all 
those who ha<l any reason to respect themselves, 
it assumed a thoroughly respectful character. By 
tins tinui, the dullest began to ])erccive that the 
child was not lik(‘ly to perish of any congenital 
woaktuiHS or infantile disorder, hut was growing 
into a stalwart personage^ upon whom more goody 
scoldings and threateuings with the birch-rod 
wore quite thrown away. 

In fact, those who hav(i watched tlm progress of 
scicmcc within the last ten years will bear me out 
to the Ml, when I assort that there is no field of 
biological impiiry iu which the iufluenco of the 
** Origin of Rj^ocu^s ” is not trac(‘ablo ; the foremost 
men of science iu every couuky arc (dther avowed 
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champions of its leading doctrines, or at any rate 
abstain from opjxjsing them ; a host of young a ml 
ardent investigators seek for and find ins])iration 
and guidance in Mr. Darwin’s gi‘eat work ; and the 
general doctrine of evolution, to one side of wliidi 
it gives exijression, obtains, in flic phenomena of 
biology, a firm base of operations whence it may 
conduct its conquest of the whole realm of Nature. 

History warns us, however, that it is the cus- 
tomary fate of now truths to begin as heresies and 
to end as superstitions ; and, as matters now stand, 
it is hardly rash to anticijuite thai-, in finoih<*T 
twenty y(‘ars, the new generation, <*duca.ted under 
the influences of the ]a*eHcnt day, will be in danger 
of accepting tlie main doetrimjs of the Origin of 
Species,” with as little I’eflection, and it may bo 
with as little justification, as so many of our con- 
temporaries, twenty years ago, r(‘je<tted them. 

Against any such a consummation hit us all 
devoutly ju-ay ; for the wmuitific spirit is of tnore. 
vahui than its ])rodu<;ts, ami irrationally luild 
truths may ])c more liannful than reasomsl (errors. 
Now tins essence of the Hcientifi(i spirit is (triticism. 
It tells us that wheiuiv^jr a dtKsirims (dainm our 
assent we sliould rciply, Take it if you ciau comp(il 
it. The struggle for (ixiskuKto hohls as much in 
the intellectual as in th<i physical w<irl(l A theory 
is a sp<icii‘S of tlihduiig, ami its right to oxmt is 
(tocxt(insivti with its ])ower of nisisting <,ixtinction 
by its rivals. 
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From this point of view, it appears to me that 
it would he but a poor way of celebrating the 
Corning of Ago of tlic “ Origin of Species,” wore J 
merely to dwell upon the facts, undoubted and re- 
markable as they arc, of its far-reacliing influence 
and of tlie great following of ardent disciples who 
are occupied in sin-oading and developing its 
doctrines. More insanities and inanities liavo 
before now swollen to portentous size in the course 
of twenty years. Lot us rather ask this prodigious 
change in opinion to justify itself : let us iiKjiiins 
whotluir anylliinglnas happened since 1850, which 
will (‘-xi)ln.ln, on rational grounds, wliy so many 
arc worslnpimig that which they buriUMl, and hum- 
ing that which they worshipped. It is only in 
this way that w<^ shall acupiire tlu) means of 
judging wbetlii<‘r tlui movement wo have witnessed 
is a nier<{ eddy of fashion, or truly one with the 
irr<^v<jrKi])lo eurnait of inUdlfHjtual ]>rogresH, and, 
like it, safe from nd.rogrt‘ssivc reaction. 

Kvt‘ry Ixdiefis tluj product of two factors: the 
lirst is the stati'-of the miiul to which ihr. evidence 
in favour of that belief is premmted; an<l the 
S(u*.ond is the logical cogency of tlu^ twichmee itself. 
In both these n^spi^cts, the history of biological 
scmuuie during the liusfc twenty y^sars app<iars to me 
to allbrd an ample explanation of the change 
whi<di has tak<in plactj ; and a hri<‘f consideration 
of the salient (Wtmts of that history will tmahle tis 
to understand why, if tin*. “Origin of species” ap- 
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peared now, it would meet with a very different 
reception from that which greeted it in 1859. 

Oiic-and-twenty years ago, in spite of the work 
commenced by Hutton and continued with rare 
skill and patience by Lyell, the dominant view of 
the past histoiy of the earth was catastrophic. 
Great and sudden physical revolutions, wholesale 
creations and extinctions of living beings, were the 
ordinary machinery of the geological epic brought 
into fashion by the misapplied genius of Cuvier. 
It was gravely maintained and taught that the 
end of every geological epoch was signalised by a 
cataclysm, by which every living being on tlio 
globe was swept away, to be replaced by a brand- 
new creation when the world returned to quies- 
cence* A scheme of nature which appeared to ho 
modelled on the likeness of a succession of rubbers 
of whist, at the end of each of which the players 
upset the table and called for a new pack, did not 
seem to shock anybody. 

I may be wrong, but I doubt if, at the present 
time, tliore is a single responsible representative 
of those opinions left. The progress of scientific 
geology has (elevated the fundamental j)rinciple of 
uniforrintarianism,tliat the (explanation of the past 
is to bo sought in the study of the present, into 
the position of an axiom ; and the wild specula- 
tions of the catastro])luRts, to which w<e all listened 
with rcespcct a (juartor of a c^nitury ago, would 
hardly find a single patient hearer at the present 
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day. No physical geologist now dreams of seeking, 
outside the range of known natural causes, for the 
explanation of anything that happened millions of 
years ago, any more than he would be guilty 
of the like absurdity in regard to current events. 

The effect of tliis change of opinion upon biolo- 
gical speculation is obvious. For, if tliere have 
been no periodical general physical catastrophes, 
what brought about the assumed general ex- 
tinctions and re-creations of life which are the 
corresponding biological catastrophes ? And, if no 
such interruptions of the ordinary course of nature 
have taken plac(} in the organic, any more than in 
the inorganic, world, what alternative is there to 
the admission of evolution ? 

The doctrine of evolution in biology is the 
necessary n^sult of the logical application of the 
j>riucij)les of unifonnitariaiiism to tlie phenomena 
of life. Darwin is the natural successor of Hutton 
and Lyc^ll, and the ‘‘ Origin of Hpecies^' the logical 
scHpienoe of the “ Principles of Geology ” 

Th<^ fundamental doctrine of tin*. Origin of 
Hp<jcies" as of all forms of the tluiory of evolution 
appli(Kl to biology, is “ that the innumerable 
species, genera, and families oforganic beings with 
which the world is peopled have all descended, 
each within its own class or grou]), from common 
parents, and hav<^ all h(‘(m modilit^d in the course of 
descent.’' ^ 


Ot'hjm of i*«L 1, ]). 4r>7, 
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And, in view of tlio facts of geology, it follows 
that all living animals and plants are the lineal 
descendants of those which lived long before the 
Silurian epoch.” ^ 

It is an obvious consequence of this theory of 
descent with modification, as it is sometimes called, 
that all plants and animals, however different they 
may now be, must, at one time or other, have been 
connected by direct or indirect intermediate grada- 
tions, and that the appearance of isolation presented 
by various grou[>s of organic beings must bo unreal. 

No part of Mr. Darwin’s work ran more directly 
counter to the prepossessions of naturalists twenty 
years ago than this. And such prepossessions wore 
very <^xcusjiblc, for tliere was undoubt(idly a great 
deal to be said, at that time, in favour of the fixity 
of species and of the existence of great breaks, 
which there was no obvious or probable means of 
filling up, between various groups of organic beings. 

For various ri^asons, scientific and unscientific, 
much Iwwl been mad(i of the hiatus between man 
and the n^st of the higlu^r mammalia, and it is no 
wonder that issue was first joined on this part of 
the controversy. I liavc no wish to revive past 
and happily forgottem controversies ; but I must 
state the simjfic fa(^t that the distinctions in the 
cerebral an<l otlu^r chara<?t(jrs, wliich were so hotly 
aflfinned to separate man from all other animals in 
18()0, hav(t all boon demonstrated to bo nou- 

^ (Origin of p. 4. 58. 



THE OOMING OF AGE OF 


vn 


existent, and that the contrary doctrine is now 
universally accepted and tauglit. 

J>ut there were other cases in which the wide 
structural gaps assorted to exist l)etwccu one group 
of animals an<] anotlierwerehy no means fictitious ; 
and, when such structtiral breaks were real, Mr. 
Darwin could account for them only by supposing 
tliat the intermediate forms which once existed 
had become extinct. In a reiuarkablc passage ho 
says — 

“ Wo may thus account even for the distinctness 
of whole elass(ss from each othen* — for instance, of 
birds from all othtir veidebrato animals — by the 
b(di<*F that ituuiy animal forms of lift} have hecn 
utterly lost, Ibrough which the early i)rogonitors 
of binls wtTo formerly ccamccted with the early 
progimitors of th(‘. other vert(d>ratc classes.” ^ 

Adv(jr.secriti(fism made nnuTy over sucli sugges- 
tions iiH tlu^Sic Of course it was easy to got out of 
ih(Mlifiiculty by supposing extincl/iou; but whore 
w«'is tluj slighbvst e.vidcna^ that sucdi intermediate 
forms betwecin lurds atnl njptilos as the hypothesis 
re(|uirctl ov<t exisb^l ? And tlnui probably follower! 
a tira<](! upon this t<!rril)le forsaking of the paths 
of Baconian iiulueiion.” 

But the prognws of knowledge has justified Mr. 
Darwin to an exi<mt which could liardly have 
IxHui anti(5ij>aied. in the, speudmen of 

AnJiiwpkryx^ which, until tln^ last two or three 
^ (h'ujin of Hpmeii, 4Jn. 
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years, lias reiiiaiiicd uiiiqiit*, was discovered ; an<l 
it is an animal whicli, in its fcatliers an<l the 
greater part of its organisation, is a veritabl(; 
bird, while, in other parts, it is as distinctly 
reptilian. 

In 1868, 1 had the honour of bringing under 
your notice, in tliis theatre, the results of investi- 
gations made, up to that time, into the anatomical 
characters of certain ancient r(q)tilcs, '\vhi(ih 
showed the luiiure of the modifications in vii’tue 
of which the type? of the fiiuelrupcdal repi.ilc 
passed into that of a bipedal bird ; an<l almndant 
confirmatory evidence of the jjisii<‘e of iiu? con- 
clusions which I ih(iu lai<l before yo!i lias sincti 
come to light. 

In 1875, the discovery of the toothed birds of 
the cretaceous formation in North America by 
Profi w>r Marsh complot<id the series of transi iional 
forms betwe<ni birds and and nuuov(‘d 

Mr. Darwin’s proposition that “ma,ny animal 
forms of life liave been utterly l(»st, through 
which the early progonitors of birds wen? 
formerly conm‘(*d<?d with the <«irly progenitors of 
the other ved*<?brato classes,” from the region 
of hypotlujsis to that of (h^moustrablo fac-t. 

In 1859, tln*n? ap(K*ared to b(s a very sharp 
and chsar hiatus between v<jriubrated jiml invertc- 
brahul animals, not only in tlieir siru<;tnro, bitt, 
what was more important, in th(‘ir development. 

I do not think that we even y<?t know the precise 
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links of conuccUon between tlie two; but tlie 
investigations of Kowalowsky and others iq^on 
the development of AmiMomts and of the Tunicata 
prove, beyond a doubt, that the differences which 
were supposed to constitute a barrier between 
the two ai'o non-existent. There is no longer any 
difficulty in understanding how tlie vertebrate 
typo may have arisen from the invertebrate, 
though the full proof of the manner in which 
tlm transition was actually effcictod may still be 
lacking. 

Again, in l<S51h there ajipeared to be a no less 
sharp separation between tlui two great gi'oups of 
flowtuing and llowerless plants. It is only subsc- 
(jueiitly that tlitj series of remarkable investiga- 
tions inaugtindcd by TTofmeistor has brought to 
light the (^xtrjiordinary and altogether unexpected 
modifl<*ations of th<i reprodm^tive apparatus in the 
LyiMqudimw, ihe JthizocMrpcm, and the Gynmo- 
Hjmrmem, by whieJi the ferns and tlui mossc^s arc‘, 
gnulually <*.onnect(Ml with the ?hau<‘rogami(? 
division of tluj vegetabht world. 

So, again, it is <mly since LSoU that we have 
ac<pim‘d that W(^alth of knowhjdge of the lowest 
forms of life whi<jh demoimtrat(*-s tliii futility of 
any attcm[)t to separate the lowc^st jdants from 
the lowcist animals, and slmws that tlui two king- 
doms of living mature have a common liordtjrlaud 
which belongs to both, or t»o mulher. 

Thus it will be observed that the whole ten- 
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deucy of biological investigation, since 1850 , bas 
been in ilio direction of removing tlie difficulties 
wliicli tlio apparent breaks in tlie series created 
at that time; and tlie recognition of gradation 
is the first step towards the accefitancc of evolu- 
tion. 

As another great factor in bringing about the 
change of o])miou which has taken place among 
naturalists, I count the Jistonishing progress which 
lias been made in the study of embryology. 
Twenty years ago, not only were wc devoid of any 
accurate knowledge of the mode of development 
of many gnmps of animals and plants, but the 
methods of investigation wore rude and imperfect. 
At the ]>roscnt tiling, there is no important group 
of organic heings the development of which has 
not Ixieu carefully studi(i<l ; and the modern 
metliods of hardening and section-making enable 
the embryologist to det(H‘unnc the nature of the 
process, in i^jich casti, with a dttgree of minuteness 
and accuracy which is truly astonishiiig to those 
whoso m<}mori<iS carry them hick to the 
btiginnings of modern histology. And tlie results 
of these ombryological investigations are in com- 
plete harmony with the ro<iuiremonts of the 
doctrine of evolution. The first beginnings of all 
the higher forms of animal life are similar, and 
however diverse their adult conditions, they start 
from a common foundation. Moreover, the pro- 
cess of dovi'lopment of the animal or the plant 
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from its i>rimary egg, or geirni, is a true process of 
evolution — a progress from almost formless to 
more or less higlily organised matter, in virtue of 
ilie properties inherent in that matter. 

To those who are familiar witli the process of 
(levoloptneut, all ct jiriori objections to the doctrine 
of l)iological evolution appear childish. Any one 
who lifis w^a^.clied ilu^ gradual formation of a com- 
plicated animal from tlie protoplasmic mass, which 
constitutes the essential element of a frog’s or a 
hen’s egg, has had under liis eyes sufficient 
evidence that a similm* evolution of the whole 
(inimal world from the ]ifc(i foundation is, at any 
rate,, possible. 

Y<‘t another ]>r(Khict of investigation has 
largely (jiuitributed to tlui removal of the objoc- 
iious to th(} doctrine of <iV<jlutiou (uirrent in 1859. 
It is the ])roof uffoi‘d(*d by successive discoveries 
that Mr. Darwin di<l not over-c^stimate tlie 
impiirfection of the geological n^cord. No more 
striking illustration of this is needed than a com- 
parison of our kuowhsige <»f the mammalian fauna 
of the Tertiary <*poch in 1859 with its present 
condition. M. Oaudry’s researches on the fossils 
of Pikenni wcire published in 1808, those of 
Messrs. Loidy, Marsh, and Cope, on the fossils of 
the WcisUtni Territories of America, luive appeared 
almost wholly since 1870, those of M. Filhol on 
ihti phoHphoribiS of Quercy in 1878. Tito general 
effect of these invi^stigations has been to intro- 
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(luce to US a iiiultiiiule of extinct animals, the 
existence of whicli was previously hardly sus- 
pected; just as if zoologists -were to become 
acquainb-'d with a country, liitherto unknown, as 
rich in novel forms of life as Brazil or South 
Africa onc(3 were to Europeans. Indeed, the fossil 
fauna of the Western Territories of America hid 
fair to exceed in iuten^st and importance all other 
known Tertiary deposits put together ; and yet, 
with the exception of the case of tlui American 
tertiaries, these investigations have extended over 
very limited areas ; and, at Pikonni, were con- 
fined to an extremely small space. 

Such ajipear to mo to h<^. the chhif events in the 
history of the progress of knowledge (hiring the 
last twenty years, which account for thii <;hanged 
feeling with which the doctrine of (jvolution is at 
px'csent reganhid by those who have followed the 
advance*, of biological sci(mc(^ in respect of those 
I>roblems which b(*ar indirectly ui>on that doc- 
trine. 

But all this nmiains nuire secondary evidence. 
It may r<miovo disstmt, but it does not compel 
assent. Primary and direct evidemeo in favour of 
evolution can be furnisluKl only by Y)akiontology. 
The geological record, so soon as it approaches 
completeness, must, wh<m properly questioned, 
yi(d(l oitlu^r an aflirmativo or a negative answer: 
if evolution has taken place, there will its mark 
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bo left; if it lias not taken place, there will lie 
its refutation. 

What was the state of matters in 1859 ? Let 
us hear Mr. Darwin, who may be trusted always 
to state the case against himself as strongly as 
possible. 

On this doctrine of the extermination of an 
infinitude of connecting links bestween the living 
an<l extinct inhabitants of the world, and at each 
sucictissive period between the extinct and still 
older species, why is not every geological forma- 
tion charged with such links? Why does not 
eviiry (collection of fossil remains afford plain 
(jvidencic of tins gradation and mutation of the 
forms of life ? We meict with no such evidence, 
and this is the most obvious and plausible of the 
many ohjectious which may ho urged against my 
tbeory.^^*^ 

Nothing (could liavt*. been more useful to the 
opposition than this characteristically candid 
avowal, twistiul as it immcsliatcily was into an 
admission that ih<*, writer's vi(‘ws wore contra- 
dicted by the facts of pahnontology. But, in fact, 
Mr. Darwin made no such admission. What he 
says in eflo<ct is, not tliat palaeontological evidence 
is against him, but that it is not distinctly in his 
favour; and, without attempting to attenuate the 
fact, he a<Jc<>unts for it by the scantiness and the 
iuiperf(‘(ition of that evidence, 

^ Oriijmijf ^peciiis, («i. 1, p. 4(>S. 



VIT 


‘‘ THE ORIGIN OE SPECIES 


241 


What is the state of the case now, when, as we 
have seen, the amount of our knowledge respect- 
ing the mammalia of the Tertiary epoch is 
increased fifty-fold, and in some directions even 
approaches completeness ? 

Simply this, that, if the doctrine of evolution 
had not existed, palieontologists must have in- 
vented it, so irresistibly is it forced upon the 
mind by the study of tlie remains of the Tertiary 
mammalia which have been brought to light since 
1859. 

Among the fossils of Pikermi, Gandry found 
the successive stages by which the ancient civets 
passed into the more modern hyauias ; through 
the Tertiary deposits of Western America, Marsh 
tracked the successive forms by which the ancient 
stock of the', horsii has i>assed into its present 
form ; and innumerable less complete indications of 
the mode of evolution of other groups of the 
higlu*.r mammalia have been obtained. In the 
reinarkabh^ memoir on the phosphorites of 
Qu(ircy, to which I hav(i referred, M. Filhol de- 
scribes no fewer than seventeen varieties of the 
genus Oynodidi% which fill up all the interval 
between the viverine animals and the boar-like 
dog Amphieyon ; nor do I know any solid ground 
of objection to tiio supposition that, in this 
Cyno(lictU“Am>2>fMyon group, we have the stock 
whence all tlio Viveridm, Felidu^ Hyainida0, 
Cankki, and perhaps the Procyonidai and Ursidse, 

VOL. u K 
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of ilici present fauna luive been evolved. On 
t.lie contrary, ilu‘n‘ is a great deal to be said in 
favour. 

In the course of summing up lus results, M. 
Kilhol o])serveR: — 

^'During the (‘])oeli of tlie ]>h()S]>liorites, great 
oh.'inges took place in animal forms, a.ud almost 
the same tyj)t*s a.s those which now exist became 
defin(‘d fi-om one anotlier. 

Under the influence of natural conditions of 
which Inive no exa(tt knowl(‘dge, tliough traces 
of them are discov(n*a}>le, sp(icies have been modi- 
fied in a thousand ways: races have arisen which, 
hecoming fix<‘d, hav(‘ thus ]»roduced acorres[)on(ling 
number of secondary species.’' 

fn ISol), Ianguag<i of whi(*lj this is an uninten- 
tionnl paraphrase, occurring in the ** Origin of 
Hp<*(‘i(*s/’ was s<tout(Ml as wihl spticulatiou; at pres- 
ent, it is a sober staXennent of the conclusions to 
whieli an aeiiie and criti(*ally-inind<‘d investigator 
is hid l)y larger ami patient study of the facts of 
pakeontoiogy. I veniun^ to re.ptsai what I liavc 
said b(dor(‘, that so far as tin? animal world is 
C(mcerne( Revolution is no Iong<‘r a sptTuilation, but 
a statement of historical fa<*.i. It tahes its place 
atongsi<l<i of those accepted tniths whi<di must be 
reckojujd with l»y philosophers of (ill s<diools. 

1’hus when, on the first <lay of October next, 
Origin of Sp<*cieH” com(;s of age, the pro- 
ink* of ils youth will be amply fulfilhid ; ami we 
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shall he prepared to congratulate the venerated 
author of the book, not only that the greatness of 
his achievement and its enduring influence upon 
the progress of knowledge have won him a place 
beside our Harvey; but, still more, that, like 
Harvey, he has lived long enough to outlast 
detraction and opposition, and to see the stone 
that the builders rejected become the head-stone 
of the corner. 
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CHARLK>S DAIIWIN 

YN'iUwrv, April 27tli, LStS2] 

Vkhv few, (^V(‘U {unoiig Ui<»su wlio taken the 
keun(‘st iHttn*(‘St in the prn<(resK of tlie revolntiou 
ill nalural knowlodi^^c K(‘.t a-looi hy the publication 
of “ Th(^ ( )rigin of Spe(n(‘K,” and who have watched, 
not without astonishnuuit, the ra.pi<l andcoinplote 
('hange. whi(!li Iiuk In-en ellecUul both inside and 
outsi(h‘ the boundarii'S of th(i scientilic world in 
tho attitude ofuKUi s minds towards the doctrines 
which are expoun<l<‘d in tliat gr(‘at work, can liave 
been "jire, pared for thii <uKtra<>r(linary inanifesiatuni 
of aifectiouate regard for the man, and ofjirofouud 
reverence for the j)hiiosopher, wliich followed the 
jinnouncement, on Thm*sday last, of the death of 
Mr. Darwin. 

Not only in th(‘se islands, where so many have 
felt ihi‘ fasifmation of ptn'sona.] contact with an 



VIIT 


CHARLES DARWIN 


245 


intellect which h<ad no superior, and with a charac- 
ter which was even nobler than the intellect ; but, 
in all parts of the civilised world, it would seem 
that those whose business it is to feel the pulse of 
nations and to know what interests the masses of 
mankind, were well aware that thousands of their 
readers would think the world the poorer for 
Darwin’s deatli, and would dwell with eager 
inten^st upon every incident of his liistoiy. In 
Franc<^ in Clermaiiy, in Austro-Hungary, in Italy, 
in the United States, writers of all shades of 
())>inion, for once unanimous, have paid a willing 
tribute to the worth of our great countryman, 
ignored in lifo-hytlui official representatives of the 
kingdom, but la.id in death among his poors in 
Westminster Ablxy by the will of the intelligence 
of the nation. 

It is not for us to alhulo to the sacnul sorrows 
of the ben^aved lioinc at Down ; l)ut it is no secret 
that, outsid({ that, domestic group, there arc many 
to whom Mr. Darwin’s death is a wholly irreparable 
loss. And this not nu^rely because of his wonder- 
fully g(‘.nial, simpler, and generous nature; liis 
clieerful and animated convtu’sation, and the in- 
finiti^ vari(‘t.y and accuracy of his information ; but 
because the more one knew of him, the more he 
seemed the imtorporated id(^?d of a man of science. 
Acute as W(jr(i his njasoning powers, vast as was 
his kuowledg(^ marv(‘llous a>s was his tenacious 
imlustry, under physical difliculiics which would 
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have coiivfU’tcd iimo nion oat of ten into aimless 
invalids; it was not these (qualities, great as they 
weTc, whicli inipnissed those who wore admitted 
to his intimacy with involuntary veneration, but a 
certain intense and almost passionate honesty by 
whicli all his thoughts and actions were irradiated, 
as by a r*(‘ntral lire. 

Jt wa.s i iiis raresi. and greatest of endowments 
whicih k(*pt his vivid imagination and great sjjecu- 
lative powers witliin dm* bounds ; wliich compelled 
liim to undertake the prodigious labours of original 
invtvstigation and of reading, upon which his 
published works aw l)ased ; which made him 
acaspt (‘,riti<asnis and sugg<‘Htions from anybody 
anti evtuybody, not only without imiiationcc, but 
with tJxpntssioUH of gratitude soiuetiiiies almost 
comitjally in (‘xcitss of their value; which led him 
to a, How neithtjr himstdf nor others to be deceived 
by plirasiss, and to spa,r<*< neither time nor pains 
in tu’tler t.o olitain (‘lt‘ar and distinct ideas upon 
evtTy topm with whieJi he occupied himself 

One t^ouhl not t^onvt^rse with Darwin without 
Ixung rmnimled of SocraUis. There was the same 
dt'sirti to lind some one wistir than himstdf; tht 3 
same belit*f in tin* sovtu-tjiguty of rttasou ; the same 
Hiady humour ; tht5 same sympathetic interest in 
all the, ways and works of m(*u. Ihit instead of 
turning away from the prohhuns of Nature as 
hop<‘lessIy insolul)le, our moditni phiJoso])her 
devoted his whole life to attacking them in the 
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spirit of Hora(4it\is and of Doniocritus, with results 
which arc the substfiucc of which their specula- 
tions wore anticipatory shadows. 

The duo ap[)reciatiou, or oven enumeration, of 
these results is neither praeti cable nor desirable at 
this monieni. There is a time for all things — a 
time for glorying in our ever-extending conquests 
over the realm of Nature, and a time for mourning 
over the heroics who hav(‘, li‘d us to victory. 

None liav(i foughi bid.ier, and none have been 
more fortunatci, than (diaries Darwin. He found 
a groat truth trodden underfoot, reviled by bigots, 
and ridic<nl(‘d by all the world ; lui lived long 
enough to s(‘(‘ it, <dii(dly by bis own efforts, 
irrefragably (*stablisb(‘d in science, inseparaldy 
incorporated .with tlui common tin High is of ni<‘n, 
and oidy liabMl a,nd fcanMl by those wlm would 
njvih‘, but (hin* not. What, shall a man desinj 
more than this ? ( )m'e more the image, of RocrahiS 

risers unl)i<ld<‘n, and ilui noble p(.*rora.tion of the 
A])ology rings in our (iars as if it W(‘re Oharlits 
Darwin s farewell : — 

Tii(\ luMir of departtiri* has arrivt^d, a,nd w<‘. go 
our ways— 1 to dn*- a,nd you to livir. Which is tins 
blitter, <}od only knows” 
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THE DvVRWIN MEMOrJAL 
[June Util, 1<S85] 

hy t/ir of tJio lloiyd Hocicty^ in the 

wmeof tlu\ Mvmwrinl Gommitke^ an handing over 
the atatne ff Darioin, to ILllJL the Prince of 
IVaks, an reprcHcntative of the Trustees of the 
Uriiish Mnscvni, 

Yoi'R liovAf. Hh^unkss, — I t is now tlirec years 
tlu^ annouuc(‘iu(‘.nt of the dt^aih of our famous 
c^^untryman, Olinrlt^s Darwin, gave rise to a 
lnanif(^st.ation of pul>lic f(‘t‘ling, not only in those 
roalins, hut ilirotighout tlu^ civilised world, which, 
if r minijiko not, is without precedent in the 
modest annals of scientific hiogiaphy, 

Th(^ ca-iiHOS of this decip and wide outburst of 
emotion are not far to S(i<‘k, We had lost one of 
thijscj ran^ ministi^rs and interpretc^rs of Nature 
whos<i names mark epochs in the advance of 
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natural knowledge. F or, whatever be the ultimate 
verdict of posterity upon this or that opinion 
which Mr. Darwin has propounded ; whatever 
adumbrations or anticipations of his doctrines may 
bo found in the writings of his predecessors ; the 
broad fact remains that, since the publication and 
by reason of the publication, of '*Thc Origin of 
Species” the fundamental conceptions and the 
aims of the students of living Nature have boon 
completely changed. From that work has sprung 
a great renewal, a true instau ratio magna ” of the 
zoological and botanical sciences. 

But the impulse thus given to scientific thought 
ra])idly spread beyond the ordinarily recognised 
limits of biology. Psychology, Ethics, Cosmology 
wore stiiT(!(l to their foundations, and the “ Origin 
of Species” proved iiscilf to be the fixed ])oint 
whi(^h th(‘. g(‘neral doctrine of evolution needed in 
order to movcj the world. “ Darwinism,” in one 
form or another, sometimes strangely distorted 
and inutilat<‘d, became an everyday topic of mcifs 
the objcjct of an abundance botli of 
vitupcTation and of praises, mon^ ofkm than of 
serious study. 

It is curious now i.o remember how largely, at 
first, the objectors predominated ; but considering 
the usual fate of new views, it is still more 
curious to consider for how short a time the phase 
of vehement op])osition liisted. Before twenty 
years had passcid, not only had the importance of 
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Mr. Darwin's work bo(3ii fully recognised, but the 
world had discerned ilic siinj)lc, earnest, generous 
character of the man, that shone through every 
page of Ins writings. 

T imagine idiat rellections such as those swept 
through tluj minds alike of loving friends and of 
honourable antagonists when Mr. Darwin died ; 
an<l ihfit they WiU’e at one in the desire to honour 
Ihe meimu'y of the man. who, witliout fear and 
without r<‘pr(«icli, luwl successfully fought the 
liar<hist intello(;tual battle of those days. 

It was in sfitisfacthm <-»f these just and generous 
impulses that our giv.iitf naluralivSt’s remains wore 
de[M)sit(‘d in W<'stminsier Abbey; and that, im« 
mediai(‘!y alb a* wards, a pu1)Ii(*, mooting, presided 
<»verby my la-imaiied pred(‘Ct‘SSor,Mi‘. S]>ottiswoode, 
was held in th(‘ rooms of the Royal Socitity, 
for thit purpos(‘ of considering what furtlu'r st(*p 
.slunihl ]>tt taJeen towards the sa.m(^ end. 

It was n‘S(dved to invite subscriptions, with the 
view of i‘r<‘<*ting a. statu(M)f Mr. Darwin in some 
Huitabhi locahty ; and to<le.vot(i any surplus totlic 
advanctiineut of the biological scictnc(js. 

(iontrihutions at otica flowed in from Austria, 
Belgium, I ira/JI, Diunnark, Fiunco, Germany, 
H‘olIan<l, ItaJy, Norway, Portuga.!, Russia, Spain, 
Hw(‘don, Swits^erland, th(‘ IJnikd States, and the 
British (iolonies, no less than from all parts of the 
thr<U‘. kingdoms ; and tiH‘y came (roin all chtsscs of 
the community. To mention one interesting case, 
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Sweden sent in 2200 subscriptions "'from all sorts 
of people/' as tlie distinguislied man of science 
who transmitted them wrote, "" from the bishop to 
the seamstress, and in sums from five pounds to 
two ponce/' 

The Executive Committee lias thus been enabled 
to carry out tlie objects proposed. A Darwin 
Fund " lias been created, which is to be held in 
trust by the Royal Society, and is to be employed 
in the promotion of biological research. 

The execution of the statue was entrusted to 
Mr. Boehm ; and I tliinlc that those wlio had the 
good fortun(‘ to know Mr. Darwin ]>ersonally will 
admire the power of artistic divination which has 
enabled the sculiitor to place before us so very 
characteristic a likc^uess of one whom ho had not 
Siion. 

It appeared to tlui Committee that, whether they 
regarded Mr. Darwin's career or the requirements 
of a work of art, no sitc^ could be so appropriate as 
this great hftll, an<l th(‘y ajiplicHl to the Trustees of 
the Ikitisli Musimm for permission to erect it in 
its present position. 

That permission was most cordially granted, and 
I am desired to tendcu* the best thanks of the 
Committee to th(^ Trustees for their willingness to 
accede to our wisluis. 

I also bog leaver to offer the expression of our 
gratitude t<^ your Royal Iliglmoss for kindly con*' 
sen ting to repnjsmit the Trustees to-day. 
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It only rcniaiBS for mo, your Eoyal Highness, 
my Lords and Oentlomen, Trustees of the British 
Museum, in the name of the Darwin Memorial 
Committee, to request you to accept this statue of 
Charles Darwin. 

We do not ina-ke this re([ucst for the more sake 
of perpetuating a memory ; for so long as men 
occupy tlu‘ins(;lve.s with the pursuit of truth, the 
name of ])arwin runs no more risk of oblivion 
than does that <)f Cop(‘rnicus, or tliat of Harvey. 

Nor, most assuredly, do wo a.sk you to preserve 
the statue, in its cynosural jx^sitioii in this 
(‘ntrancc-hall of our National Musouin of Natural 
Hisi.ory as evidence that Mr. Darwin’s views have 
recidved your ofticial sanction ; for science does not 
r(Wgnis() such sanctions, and commits suicide 
whe^n it ado])trS a creed. 

No; we h(‘g you to cherish this Mcmiorial as a 
symbol hy which, a-s gem^ration after gcmeratioii of 
st ud<‘.nis of Nature enter yondcjr door, tlicy shall 
l)<^ nunindc^d of lln^ ideal ac;cording to which they 
mustshapci them* Iiv(‘s, if they would turn to the 
best a(‘.count Ihc opportuniti(*s ottered by thc^ 
gntat institution underr your charge. • 
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Chakles Robeut Dauwin was the fifth child 
aiul second son of lloherl Waring Darwin and 
Susannah Wedgwood, and was born on the 12th 
February, 1809, at Shrewsbury, whore his father 
was a i)hysician in hirgo jmictico. 

Mrs. Robert Darwin died when her son Charles 
was only eight years old, and ho hardly remein- 
her. A daughter of the famous Josiah 
Wedgwood, who ct'eaied a new branclii of the 
])otter’s art, and (‘shiblished the great works of 
Ktruria, could liardly fail to transmit important 
mental and moral (pialiticis to her children ; and 
there is a solitaiy record of her direct influence 
in the story told by a schoolfellow, who remcinbors 
Charles Darwin bringing a flower to school, and 

^ Krnia tb« Obittiary Nt)tu‘i*s of tlio ProemliTKja of the Hoy al 
Hodefi/j n>l. 44. 
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sayint*- that his mother had taught him how, by 
looking at the inside of tlie Idossoiu, the name of 
the i>lant could be discovered.’^ (L, p. 28d) 

The theory that men of geidus derive their 
qualities from their iiiothors, however, can hardly 
d(‘rive su])port from Charles Darwin’s case, in the 
face* ol‘ the patent inilueuce of his paternal fore- 
fathers. 3)r. Darwin, indeed, though a man of 
markoMl individuality of character, a quick and 
aciuto ol)S(‘rvia-, with much i>ractical sagacity, is 
said not io hav(‘ had a scientific mind. Jhit when 
Ids son adds that liis father “ formed a theory for 
jihuosi everything that <»ccu3Ted ” (L, p. 20), he 
indurates a highly [H’ohahle source for that in- 
alfdity to refrain from forming an liyj)othesis on 
ev(jry subjecjt which ]u^ confesacts to ht? one of the 
l(‘adiag charact(‘.risties of his own ndnd, some 
pag(is fiu'llicr ot» (1., p. lOJlj. Dr. K W. Darwin, 
again, wa.s tint third son of Krasnuis Darwin, also 
a pliysi<*lan of gnsat nqaiie, who shared the 
iutimacty of Wati; and Pru'stley, and was 
wid<dy known as tiie author of “ Zoononda,” and 
other voluminous poetical and prose woj’ks which 
had a great vogue in tlu^ latter half of the 
<jighUHmth (umtury. The celehrity which they 
taijoytul was in part du<i to the attractive stylo (at 
least according to tla^ taste of that <!ay) in which 
the authors (jxiitinsivi*, tlumgh not V(*ry profound, 

* Th<* iiotiru arn to tlio Life mid 

LeUerSf Uia <;outaiv,v i» <*X|»a*H.sh' .sUiO'tl, 
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acquaintance with natural jiheiioineiia was set 
forth; hut in a still greater <legre(^, jn-ohahly, to 
the boldness of tlio speculative views, always 
ingeiii-ous and sometimes fantastic, in wliich he 
indulged. The conception of evolution set afoot 
by De Maillet and others, in the early part of the 
century, not only found a vigorous cliainpiou in 
Erasmus Darwin, hut he propounded an hypo- 
tliesis as to tlio manner in which the species of 
animals and plants have acquired their characters, 
which is identical in principle with that suhse- 
({uently rendered famous by Lamarck. 

That Charles Darwin’s chief iutelh^ctnal iu- 
heritance came to him from the patenuil sidtt, 
tlien, is hardly doiihtfuJ. But there is nothing to 
show tliat ho was, to any seusihlo oxte^nt, directly 
influenced by his grandfather’s biological work. 
Ihi t(‘lls us that a perusal of the **Zoonomia” iu 
early life pnxiuced no ofibet xipon hini, although 
he gnuitly admired it; and that, on reading it again, 
ten or iiftt^eu years a.rt(irwards, l»e was much disa])- 
pointed, ‘‘the })roportion of sp(‘.culation being so 
large to tin*, facts given” Jhit with his usual 
anxious candour he adds, “ Novctrthelt^^s, it is proba- 
ble that the hearing, rather early in life, such views 
maintained and praised, may have favoured my 
uplioldingthem, in a different form, in tny ‘ Origin 
of Sj)(ici(‘s.’ ” (I., p. 38.) Erasmus Darwin was in 
fa.ci» ?ui anticipator of Lamanjk, and not of (Jharles 
Darwin; there is no trace in his works of tlie 
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conceptions by the addition of wliicb liis grandson 
iiiotamor[)li<)sed tbc tlieory of ovolxitioii as applied 
to living tilings and gave it a new foundation. 

Charles ])arwiifs childhood and youth afforded 
no intimation that he would be, or do, anything 
out of the coiniuon run. In fact, the prognosti- 
cations of the educational authorities into whoso 
hands lui hrst fell were most distinctly unfavour- 
able ; and tli(‘y counted the only boy of original 
genius who is known to liavi^ conic under their 
liands as no bettor than a dunce. The history of 
thci e<lueational experiments to which Darwin was 
subjected is curious, and not without a moral for 
the prcisent generation. There were fonr of them, 
and thnK‘, W(ire failures. Yet it cannot bo said 
that ih(‘ mat.(‘riiils on which the |H‘<lagogic powers 
o|»era.U*d W(‘rt^ other than good. In his boyhood 
Darwin was slrong, well-grown, and active, taking 
the keen d(‘light in fudd sports and in every 
description of hard physical ex(‘rc.ise which is 
natural <.o an Mnglish (namtry-lired lad; and, in 
n‘spe(^t of things of th() mind, lut was neither 
apatheti^^, nor idhi, nor one-sided. Tlu^ Auto- 
biography ’’ tells us that he ^Miad much 
y/tal for wliut(?vi‘r intorested ” him, and lie was 
inti^rested in many and very diverse topics. 
He could work hard, and Jik<sl a complex 
subjr^et. Ixditin* tlnui an t^asy one. The “clear 
ge<muttrujal proofs” <d* Kuclid (hdiglifced liim, 
Dis interest in practi<'al elKunistry, curried out in 
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an extemporised laboratory, in which he was per- 
mitted to assist by his elder brother, kept him 
late at work, and earned him the nickname of 
“ gas ” among his schoolfellows. And there could 
have been no insensibility to literature in one 
who, as a boy, could sit for hours reading Shake- 
speare, Milton, Scott, and Byron ; who greatly 
admired some of the Odes of Horace ; and who, 
in later years, on board the Beagle,'' when only 
one book could bo carried on an expedition, 
chose a volume of Milton for liis coin})anion. 

Industry, intellectual interests, the capneity for 
taking pleasure in deductive reasoning, in obser- 
vation, in experiment, no less than in the highest 
works of imagination : where these (pialitics are 
present any rational system of education should 
surely be able to make something of them. Un- 
fortunately for Darwin, the Shrewsbury Grammar 
School, though good of its kind, was an institution 
of a typo universally prevalent in this country half 
a century ago, a,nd by no moans extinct at the 
present day. The education given was ‘'strictly 
classical,” "especial attention” bomg "paid to 
verse-making,” while all other subjects, except a 
little ancient geography and history, wore ignored. 
Whether, as in some famous Briglish schools at that 
date and much later, elementary arithmetic was 
also loft out of sight does not ai)poar ; but the 
instruction in Kuclid whicli gave (Jharles Darwin 
so much satisfaction was certainly supplitul by a 
vou IT s 
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pi'ivate tutor. That a boy, even in his leisure 
liours, should permit liimself to be interested in 
auy but boolcdearning seems to have been regarded 
as little better than an outrage by the head master, 
wiio thought it his duty to administer a public 
rebuke to young Darwin for wasting his time 
oil such a coiitcmiitible subject as chemistry, 
English composition and literature, modern lan- 
guages, modern history, modern geography, appear 
to have been considered to be as despicable as 
clunnistry. 

For sijV(3n long ycai'S Darwin got through his 
appoiutitd tasks; construed without cribs, learned 
l)y roio. whatever was demanded, an<l concocted 
his verses in approved schoolboy fashion. And 
tlH3 r<‘sult, as ii. app<iar<«l to his mature judgment, 
was simply negative. ** Th(i school as a moans of 
education io ni<‘ was simply a blatik.^’ (1. p. 32,) 
On tlui other hand, the (‘xtramtous chemical 
extnvdsi'S, which thi3 head master treated so 
contuimdiously, a-ro grabdully spoktm of as the 
“ bi‘St part’' of Ids edne^atiou while at school 
Huch is tlie judgment of the scholar on the school ; 
as ndghi be expectoil it has its counterpart in the 
jutigment of tli<3 sclnud on the scholar. The 
collictivii iut<dlig<m(;o of tluj staff of Shrewsbury 
School could find nothing hut dull medioerity in 
OharleM Darwin, lliti mind that found satisfac- 
tion in knowledge, but Viiry little in nu^ro learning; 
that couW appreciate Uim-ature, hut had no par- 
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ticular aptitude for grammatical exercises ; appeared 
to the strictly classical” pedagogue to be no mind 
at all. As a matter of fact^ Darwin's school 
education left him ignorant of almost all the 
things which it would have been well for him to 
know, and untrained in all the things it would 
have been useful for him to be able to do, in 
after life. Drawing, practice in English compo- 
sition, and instruction in the elements of the 
physical sciences, would not only have been infi- 
nitely valuable to him in reference to his future 
career, but would have furnished the discipline 
suited to his faculties, whatever that career might 
be. And a knowledge of French and German, 
especially the latter, would have removed from his 
path obstacles which he never fully overcame. 

Thus, starved and stunted on the intellectual 
side, it is not surprising that Charles Darwin's 
energies wero directed towards athletic amuse- 
ments and sport, to such an extent, that even his 
kind and sagacious father could bo exasperated 
into tolling him that “he cared for nothing but 
shooting, dogs, and rat-catching.” (I. p. 32.) It 
would be unfair to cxpecjt oven the wisest of fathers 
to have forosoen that the shooting and the rat- 
catching, as training in the ways of quick observa- 
tion and in physical endurance, would prove more 
valuable than the construing and verse-making to 
his son, whose attempt, at a later period of his life, 
to persuade himself that shooting was almost an 

s 2 
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intellectual employment : it required so much skill 
to judge where to find most game, and to hunt the 
dogs well ” (I. p. 43), was by no means so sophis- 
tical as he seems to have been ready to admit. 

In 182'), Dr. Darwin came to the very just con- 
clusion that his sou Charles would do no good by 
remaining at Hhrewsbury School, and sent him to 
join his elder brother Erasmus, who was studying 
medicine at Ediid)urgh, with the intention that 
the younger sou shoidd also become a medical 
pnictitiomsr. Both sons, however, were well aware 
that their iTdicritance would relieve them from the 
urgency of the struggle for existence wliich most 
profiissioiial men have to face; and they seemed to 
liiive allowe.d their tastes, rather than the medical 
currieuhnii, to have guided their studies. Erasmus 
Darwin was debarred by constant ill-bealth from 
seeking the public; distinction whiejh his high in- 
tc-lligeiiee and extensive knowhidgo would, under 
ordinary eircminstances, hiive insured. Ho took 
no gnat intcjrest in biological subjisots, but his 
eomjMiniouship must have Inul its iufluonco on 
his brother. Htill more was c>xerted by friends 
likes Coldstnsani and Orant, botli subsequently 
well-known zoologists (and the latter an enthu- 
siastic Lamarckian), by whom Darwin was induced 
to interest bimscslf in incirine zoology. A notice 
of tins ciliattsl gesrms of Mitshv, communicated to 
the Pliuian Hociety in 182(1, was tins first fruits of 
Darwin’s half century of .scientific work. Occa- 
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sional attendance at the Wernerian Society brought 
him into relation with that excellent ornithologist 
the elder Macgillivray, and enabled him to see and 
hear Audubon. Moreover, he got lessons in bird- 
stuflEng from a negro, who had accompanied the 
eccentric traveller Waterton in his wanderings, 
before settling in Edinburgh. 

No doubt Darwin picked up a great deal of 
valuable knowledge during his two years’ residence 
in Scotland ; but it is equally clear that next to 
none of it came through the regular channels of 
academic education. Indeed, the influence of the 
Edinburgh professoriate appears to have been 
mainly negative, and in some cases deten*ent; 
creating in his mind, not only a very low estimate 
of the value of lectures, but an antipathy to the 
subjects which had been the occasion of the 
boredom inflicted upon him by their instrument- 
ality. With the exception of Hope, the Professor 
of Chemistry, Darwin found them all ‘‘ intolerably 
dull.” Forty years afterwards he writes of the 
lectures of the Professor of Materia Medica that 
they were fearful to remember.” The Professor 
of Anatomy made his lectures as dull as he was 
himself,” and ho must have been very dull to have 
wrung from his victim the sharpest personal remark 
recorded as his. But the climax seenis to have 
been attained by the Professor of Geology and 
Zoology, whose pra3lections were so ‘'incredibly 
dull ” that they produced in their hearer the some- 
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\vliat rash dcitermination never to read a book on 
gool<\i ^7 or ill any way to study the science'* so 
long as lie lived, (I, p. 41.) 

Tliero is iiiucli reason to believe that the 
lectures in question were eminently qualified to 
produce the inqiression which they made ; and 
there can he little doubt, that Darwin's conclusion 
that his time was better employed in reading 
than in listening to such lectui'es was a sound 
one‘. But it was particularly unfortunate that 
tlu^ ])ersoual and professorial duluess of the 
l/rofcBSor of Anatomy, (jombincd with Darwin's 
sensitiv<tuess to the disagreeable concomitants of 
anat.oinical w<u’k, drove him away from the 
dissi‘cting room. In after life, he justly recognised 
that this was an “irremediable evil" in reference 
to the pursuits he eventually adopted ; indeed, it 
is marvthi)us that he suc<ieeded in making up for 
ins lack of anatomical discipline, so far as his 
work on tlui Oirrijnules shows he did. And the 
negl(«*.t of anatomy had tlie further unfortunate 
ri‘sult that it ex<duded him from the best 
opportunity of bringing himself into direct contact 
with iliti fiwsts of nature which thci University had 
to oiler. In those tlays, almost the only practical 
sitiimtilic work accessible to studtuits was anatomi- 
cal, and the only laboratory at their disposal the 
diBH(.‘ctiug room. 

We may now console ourselves with the 
rellection that the partial evil was the general 
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good. Darwin had already shown an aptitude for 
practical medicine (I. p. 37) ; and his subsequent 
career proved that he had the making of an 
excellent anatomist. Thus, though his horror of 
operations would probably have shut him off from 
surgery, thei’e was nothing to prevent him (any 
more than the same peculiarity prevented his 
father) from passing successfully through the 
medical curriculum and becoming, like his father 
and grandfather, a successful physician, in which 
case The Origin of Species ” would not have been 
written. Darwin has jestingly alluded to the 
fact that the shape of his nose (to which Captain 
Fitzroy objected), nearly prevented his embarka- 
tion in the Beagle”; it may be that the 
sensitiveness of that organ secured him for 
science. 

At the end of two years^ residence in Edin- 
burgh it hardly needed Dr. Darwin's sagacity to 
conclude that a young man, who found nothing 
but dulness in professorial lucubrations, could not 
bring himself to endure a dissecting room, fled 
from operations, and did not need a profession as 
a means of livelihood, was hardly likely to 
distinguish himself as a student of medicine. He 
therefore made a new suggestion, proposing that 
his son should enter an English University and 
qualify for the ministry of the Church. Charles 
Darwin found the proposal agreeable, none the 
less, probably, that a good deal of natural history 



OBITTTArvY 


S 


2CA 

and a little Khooting were by no means held, 
at that time, to be incompatible with the 
conscientious performance of the duties of a 
country clergyman. But it is characteristic of the 
man, that he asked time for consideration, in 
ordijr that he might satisfy himself that he could 
sign the 'niirty-nino Articles with a clear con- 
scieTice, However, the study of Pearson on the 
(Jr<}<j(ls and a few other books of divinity soon 
aHHurc‘d liim that his religious opinions left 
nothing to bi^ desired on the score of orthodoxy, 
and he ac<;e<U*d to his father's proposition. 

'I'he KnglishTJniv<‘rsity selected was Cambridge; 
but au tinexiHJcted obstacle arose from the fact 
that, within tlu^ two years which had elapsed, 
simu^ tlie young man who had enjoyed seven 
y(tars of the iHmcsfit of a strictly classical education 
had left scJiool, he had forgotten almost every- 
thing he, had leariUMl th(‘ni, oven to some few of 
tli<i (JriM^k letters.” (I. p. 40.) Throe months 
with a tutor, h<)\v(wer, brought him back to the 
p(»int of translating HonKU* anti the Creek Testa- 
ment “with modorat(J facility,” and Oliarlcs 
Darwin (N)inni<‘n<u‘d tlie third tslucational experi- 
ment of which hti waB ilns subject, and was en- 
tered on ihi) l)ookH of Ohrisi's Oollegtjiu October 
1827» Ko far fus tin? direct results of the academic 
training thus rccauvud are comHirned, the English 
University was not more successful than the 
Bcot(,isIn “ During tln^ ihnn* y(‘a,rs whioli T spent 



X 


OBITUARY 


265 


at Cambridge my time was wasted, as far as the 
academical studies wore concerned, as completely 
as at Edinburgh and as at school ” (I. p. 46.) 

And yet, as before, there is ample evidence that 
this negative result cannot be put down to any 
native defect on the part of the scholar. Idle and 
dull young men, or even young men who being 
neither idle nor dull, are incapable of caring for 
anything but some hobby, do not devote them- 
selves to the thorough study of Paley's Moral 
Philosophy,” and Evidences of Christianity ; 
nor are their reminiscences of this particular 
portion of their studies expressed in terms such 
as the following : The logic of this book [the 
‘ Evidences and, as I may add, of his * Natural 
Theology’ gave me as much delight as did 
Euclid.” (Ip. 47.) 

Tlio collector s instinct, strong in Darwin from 
liis childhood, as is usually the case in great 
naturalists, ttirnod itself in the direction of Insects 
during his residence at Carubridge. In childhood 
it had U^en damped by the moral scrujdes of a 
sister, as to the propriety of catching and killing 
insects for the nujre sake of possessing them, but 
now it broke out afresh, and Darwin became an 
enthusiastic beetle collector. Oddly enough he 
took no scientific interest in beetles, not even 
troubling himself to make out their names; his 
delight lay in the capture of a species which 
turned out to be rare or new, and still more in 



OBITUABY 


X 


2G6 


liiB luaiio, as captor, recorded in print. 
Kvidi‘iiily, tliis boetlo-liunting bobby had little to 
do A\iih sciouct*, blit wius mainly a new phase of 
the old and undiiuiuished love of sport. In the 
intervals of beetle-catching, when shooting and 
Imutiug were not to be had, riding across country 
answered tlie purpose, These tastes naturally 
threw the young undergraduate among a set of 
men who preierre<l hard riding^ to hard reading, 
and wasted the miilinght oil upon other pursuits 
than that of academic distinction, A superficial 
oliserver might have had some grounds to fear 
thatDr, Darwin's wrathful prognosis might yet be 
vtunfied. But if tla^ eiuiuently social tendencies 
of a vigorous and genial natun* sought an outlet 
among a set of jovial sporting friends, there were 
other ami no hiSS strong proclivities which 
brought liini into relatimi with associates of a very 
different Htanqn 

Though almost without (tar and with a very 
dcfe(‘Uv(t imunory for music, Darwin was so 
strongly and pleasuraldy affect(‘d hy it that he 
bc(;anu‘ a memher of a musictal sociedy; and an 
e^iual lack of natural itapacity for drawing did not 
pnivent him from studying good works of art with 
much <iare. 

An acijuaintancii with evtm tho rudiments of 
physical Htuciujc was no part of tluj retiuirements 
lor ilie ordinary (lambridgi^ degrist. But there 
wmi (irofessors both of Deology and of Botany 
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whose lectures were accessible to those who chose 
to attend them. The occupants of these chairs, in 
Darwin’s time, were eminent men and also admir- 
able lecturers in their widely different styles. The 
horror of geological lectures which Darwin had 
acquired at Edinburgh, unfortunately prevented 
him from going within reach of the fervid elo- 
quence of Sedgwick ; but he attended the botanical 
course, and though he paid no serious attention to 
the subject, he took great delight in the country 
excursions, which Henslow so well knew how to 
make both pleasant and instructive. The 
Botanical Professor was, in fact, a man of rare 
character and singularly extensive acquirements 
in all branches of natural history. It was his 
greatest pleasure to place his stores of knowledge 
at the disposal of the young men who gathered 
about him, and who found in him, not merely an 
encyclopedic teacher but a wise counsellor, and, 
in case of worthiness, a warm friend. Darwin’s 
acquaintance with him soon ripened into a friend- 
ship which was terminated only by Henslow’s 
death in 1861, when his quondam pupil gave 
touching expression to his sense of what he owed 
to one whom he calls (in one of his letters) his 
clear old master in Natural History.” (II. p. 217.) 
It was by Henslow’s advice that Darwin was led 
to break the vow he had registered against making 
an acipiaintance with geology ; and it was through 
Henslow’s good offices with Sedgwick that he 
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obtained ib<i opportunity of accompanying the 
Cicolijgical Professor on one of his excursions in 
Wales. He then received a certain amount of 
practical instruction in Geology, the value of which 
he subsc([uently warmly acknowledged. (L p* 
237.) Tu another direction, Henslow did him an 
imniense, though not altogether intentional 
Her vice, ])y recommending him to buy and study 
the r(tceutly published first volume of LyelFs 
** Principles,” As an orthodox geologist of the 
then (loniinant catastrophic school, Henslow 
acoompani(i<l his recommendation with the 
luhnonition on no account to adopt Lyeirs 
g(‘aoral vi(*WH. But the warning fell on deaf 
ojirs, and it is hardly too much to say that 
Darwin’s gn latest work is the outcome of the 
tndlimdiing application to Biology of the leading 
idea ami the nudhod applh si in the Principles’' 
to geology.^ Finally, it was tiirough Henslow, 
and at Itis suggestion, that Darwin was offered the 
ap[)ointm(*nt to tlu*. Beagle” as naturalist. 

During ilu^ laiUu* part of Darwin’s residence at 
()aud>ri<lg(‘ tin*, prospect of entering the Church, 
though ilui plan was n(‘ver formally nuiouriciul, 

^ ** AfU'r lay return ta it ai»i»<>arcd to ino that by 

following' llio <ofainpl*M»r Ly<‘H in <h*ology, and by colh^ctingall 
fmdH whirh bom itx my way on tho variation of animals and 
ulantH nu(b*r (iomuHtioatirm and natnro, somo li|<ht might per- 
mips bo thrown mi the whole subject [of the origin of species}/ 
(I, p, Hib) S<*(‘ also the <locU<»ati(m of the second edition of the 
Jmmul 0/ it jValuraliaf, 
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seems to have grown very shadowy. Humboldt's 
''Personal Narrative,” and Herschel's " Introduc- 
tion to the Study of Natural Philosophy,” fell in 
his way and revealed to him his real vocation. 
The impression made by the former work was 
very strong. "My whole course of life,” says 
Darwin in sending a message to Humboldt, " is 
due to having read and re-read, as a youth, his 
personal narrative.” (I. p. 336.) The description 
of Teneriffe inspired Darwin with such a strong 
desire to visit the island, that he took some steps 
towards going there — inquiring about ships, and 
so on. 

But, while this project was fermenting, Henslow, 
who had been asked to recommend a naturalist for 
Captain Fitzroy’s projected expedition, at once 
thought of his pupil. In his letter of the 24th 
August, 1831, he says : " I have stated that I 
consider you to be the best qualified person I know 
of who is likely to xindertake such a situation. I 
state this — not on the supposition of your being a 
finished naturalist, but as amply qualified for 
collecting, observing, and noting anything worthy 
to be noted in Natural History .... The voyage 
is to last two years, and if you take plenty of 
books with you, anything you please may be done.” 
(I. p. 193.) The state of the case could not have 
been better put. Assuredly the young naturalist's 
theoretical and practical scientific training had 
gone no further than might suffice for the outfit 
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of an int<‘,lligGnt collector axid note-taker. He was 
fully conscious of the fact, and his ambition hardly 
rose above the hope that he should bring back 
materials for the scientific lions ” at home of 
sufficient excellence to prevent them from turning 
aTid rending him. (L p. 248.) 

But a fourth educational experiment was to be 
tried. This time Nature took him in hand herself 
and showtid him the way by which, to borrow 
Ilenslow*s prophetic phrase, “anything he pleased 
might done.*' 

Tiut oondiiitms of lif(», presented hy aship-of-war 
of oTily 242 tons burthen, would not, primd facie, 
apptuir to be. so favotxrablc to intellectual develop- 
ment as those* (dfered by the cloistered retirement 
ol‘ Ohrist's ( )oI hsgo. 1 )arwin had not even a cabin 
to himself; whih*., in addition to the hindrances 
and int (irruptions incidental to sea-life, which can 
bt*. ap]*r(iriin.tc‘d only l)y those who have bad 
<‘xperitmc(» of th<*rn, H(*a-sickn(iss came on whenever 
thti little ship was “lively*’; aiid, considering the 
circunmtanc<*s of tin* cruise*, that must have been 
he,r normal stab*. N(tv<*.rUujI(iss, Darwin found on 
board Um* “Bi*agle” tlwit which neither the 
pe(iagogu<*s r>f Shre.wsbury, nor the professoriate 
of Kdinburgh, nor th(* tutors of (Jambridge had 
manag<‘d to giv<i him. “ I have always felt that I 
ow<* to f.hc voyag<* tin* first real training or 
(iducation of my iniml (1. p. (H) ; ” and in a letter 
writbiu as h<* was l(*aving Knglaml, he calls the 



X 


OBITUARY 


271 


voyage on which ho was starting, with just insight, 
his second life.” (I. p. 214) Happily for Darwin's 
education, the school time of the Beagle ” lasted 
five years instead of two; and the countries 
which the ship visited were singularly well fitted 
to provide him with object-lessons, on the nature 
of things, of the greatest value. 

While at sea, he diligently collected, studied, 
and made copious notes upon the surface Fauna. 
But with no previous training in dissection, hardly 
any power of drawing, and next to no knowledge 
of comparative anatomy, his occupation with work 
of this kind — notwithstanding all his zeal and 
industry — resulted, for the most part, in a 
vast accumulation of useless manuscript. Some 
acquaintance with the marine Crustacea^ observa- 
tions on Planarico and on the ubiquitous Sagitta^ 
seem to have been the chief results of a great 
amount of labour in this direction. 

It was otherwise with the terrestrial phenomena 
which came under the voyager's notice : and 
Geology very soon took her revenge for the scorn 
which the much-bored Edinburgh student had 
poured upon her. Three weeks after leaving 
England the ship touclied land for the first time 
«at St. Jago, in the Cape de Void Islands, and 
Darwin found his attention vividly engaged by the 
volcanic phenomena and the signs of upheaval 
which the island presented. His geological 
studies had already indicated the direction in 
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ing ; and it was while sitting beneath a low lava 
cliff on the shore of this island, that a sense of his 
real capability first dawned upon Darwin, and 
prompted the ambition to write a book on the 
geology of i.lui various countries visited. (I. p. 66.) 
Ev(^ii ai this eriiiy date Darwin must have thought 
much on g(!o!ogi(%‘il i<»pi(^s, for ho was already 
convinco<l of tluj stipcriority of Lyt^lFs views to 
those (ini^ortaijH'd by tlui caiastrophists ^ ; and his 
suhso<piont sf.utly of Uh^ tertiary deposits and of the 
terra<‘.(Hl graved beds of South America was 
cuKiinontly lith‘d to sir(‘.ngthen that conviction. 
Tht^ l(dt<‘.rs from Sotith America contain little 
TcferiUK'C to any scieniifhj topic (‘.K(*.ept gtiology; 
and <‘Veu the. theory of tln^ formation of coral 
ujefs was proinpicwl hy th(‘. (widiMute of oxtousivo 
and graxlua.1 changes of level aihmhul hy the 
g(‘ology of Souih Aineri(5a; **No other work of 
miiKs” ht^ says, “ was b(‘gim in so deductive a spirit 
as this ; for tlio whole theory wa.s thotight out on 
the West (loa,st of South Ameri<iH, btffore I had 
S(^f?n a, true cuu'al nsd*. I had, th(a*<fforo, only to 
verify and ijxltaid my vir^ws by a (‘.areful exam- 

^ I hiul Bronglit with thf» firat volume of LyoU’s Principles 
of r/w/w/y, whifii J stutiicil attentively ; and tno hook was of 
the hialu’Ht servirt*. to me in many way.s. Th« very first place 
wliieh 1 (‘X^amitu'd, namely, Bt. Jaf^o, in the do Verd 
iHlands, shewed me elearly the weinTerful Hiij>erieniy of Lyell's 
manner of trealin^j;' thudo^^y, eemnared with that of any other 
author whose works 1 inul with me or over afterwards 
road 'Ml* P* 
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inatioR of living reefs/ (I. p. 70.) In 1835, when 
starting from Lima for the Galapagos, he recom- 
mends his friend, W. D. Fox, to take np geology ; 
— “ There is so much larger a field for thought 
than in the other branches of Natural History. 
I am become a zealous disciple of Mr. Ly ell's views, 
as made known in his admirable book. Geologising 
in South America, I am tempted to carry parts to 
a greater extent even than he does. Geology is a 
capital science to begin with, as it requires nothing 
but a little reading, thinking, and hammering.” 
(I. p. 263.) The truth of the last statement, when 
it was written, is a curious mark of the subsequent 
progress of geology. Even so late as 1836, Darwin 
speaks of being “ much more inclined for geology 
than the other branches of Natural History.” 
(I. p. 275.) 

At the end of tlie letter to Mr. Fox, however, a 
little doubt is expressed whether zoological studies 
might not, after all, have been more profitable ; 
and an interesting passage in the Autobiography ” 
enables us to understand the origin of this 
hesitation. 

During the voyage of the Beagle ' I had been 
deeply impressed by disc(jvering in the Pampean 
formation great fossil animals covered with armour 
like that on the existing armadillos ; secondly, by 
the manner in which closely-allied animals replace 
one another in proceeding southwards over the 
continent; and, thirdly, by the South American 

YOU IX T 
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olifiractur of most of the productions of the 
Galapagos Arc]iii)o]a.go, and, more especially, by 
tlu^ luaniKir in which they differ slightly on each 
island of the group; some of the islands apj)earing 
to ho very ancient in a geological sense. 

“ It was t‘vi<lent that such facts as those, as well 
as many others, could only be explained on the 
supposition that spe<ncs gradually become modi- 
and Uu* subj<‘ct haunted me. But it was 
iM|ually evident that neither the action of the 
surrounding conditions, nor the will of the organ- 
isms (<5Hpi‘(nally in the case<d* plants) could account 
fortius innumerahle cases in which organisms of 
every kind an? beautifully adaptt*d to their habits 
of lile ; for instance, a woodpecker or a iree-frogto 
cliinh tr4‘es, ora sets! for dispcu'sal by hooks or 
plumtJH. 1 ha<l always h(^en much struck hy such 
ada-ptations, and until th<,‘se could 1 k‘ <‘.xplainod it 
S 4 !<‘me<lio me almost us(‘h%ss tomidtjavour topiwe 
hy indin^<^t (‘vi<l(‘n<u* t.hat s}>ecu.?H have been modi- 
fied." (L p. SI) 

Th<‘ ra<‘(s to which nlereu<‘e islami made were, 
without doubt, eminently fitted to attract the at- 
tention of a phiIoso|>hi(*id thinkiT; hut, until the 
relations iifiht^ existing with thei'-xtinct spinocsand 
<if th(^ S[M‘ci(‘H of thti ililferent. geigraphical areas 
with one another, wen* detormiiH‘d with some 
<*xaein<‘ss, they aflonled hut an unsafe foundation 
for spe<Milation, It was not possihhf that this 
(hitermi nation should have been cffechul before 
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the return of the Beagle ” to England ; and thus 
the date which Darwin (writing in 1837) assigns to 
the dawn of the new light which was rising in his 
mind becomes intelligible.^ 

'' In July opened first note-book on Transmuta- 
tion of Species. Had been greatly struck from 
about the month of previous March on character 
of South American fossils and species on Gala- 
pagos Archipelago. These facts (especially latter) 
origin of all my views.” (I, p. 276.) 

From March, 1837, then, Darwin, not without 
many misgivings and fluctuations of opinion, 
inclined towards transmutation as a provisional 
hypothesis. Three months afterwards he is hard 
at work collecting facts for the purpose of test- 
ing the hypothesis; and an almost apologetic 
passage in a letter to Lyell shows that, already, 
the attractions of biology are beginning to pre- 
dominate over those of geology. 

“ I have lately been sadly tempted to be idlc^ — 


1 I am iiidebtoil to Mv. F. Darwin for tlie knowledge of a 
letter addressed by his father to Dr. Otto Zacharias in 1877 
which contains the following paragraph, confirmatory of the 
view expressed above : ‘‘When I was on board the jbeagUf 1 
believed in the permanence of species, but, as far as I can 
remember, vague doubts occasionally flitted across niy mind. 
On my return homo in the autumn of 1836, 1 immediately began 
to prepare my journal for x>ublication, an<l then saw how many 
facts indicated the common descent of s]>ocies, so that in duly, 
1837, I o])cned a note-book to record any facts which might boar 
on the (pu^stion. But I did not become convinced that species 
were mutahlc until, I think, two or three years had elapsed.*^ 

® Darwin generally uses the word “idle ” in a peculiar sense. 
He means by it working hard at something he likes when ho 
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that is, as far as pure Geology is concerned — by 
the delightful number of new* views which have 
been coming in thickly and steadily — on the 
classification and affinities and instincts of animals 
— ^l>eari ng on the question of species. Note-book 
after note-book has been filled with facts which 
begin to grouj) themselves under sub-laws.” 
(L p. 

problem which was to bo Darwin^s chief 
subject of oeeu])aiiou for the rest of his life thus 
pn^Hent<‘d itstdf, at first, mainly under its distribu- 
tional asp(‘(du Why do species ])rescnt certain re- 
lations in space and in time ? Why arc the 
aiumais and plants of tlu) Galapagos Archipelago 
so like those of South America and yet different 
from thmn { Why anj those of the several islets 
more or less dilfijnmt from one anotlicr ? Why 
are animals of this latest gciological epoch in 
>MoufJi Annnh^a similar in farirti to those which 
(‘xist in tln^ sanu^ r<*giou at the pnjsent day, and 
y(»t Hpe<'iti(*ally or geii(‘rically different ? 

Th(^ reply to tln*s(^ <pu‘stion», wliieh was almost 
univ<‘rsally nsMavi^l fifty years ago, w?is that ani- 
xnals and plants werti created siudi as they are; 
and that tlnnr pr<js<mt distribution, at any rate so 
far as temtsl rial organisms are couccuaied, has been 
ellVeted by th(‘. migration of th(jir ancestors from 

oojupioti with a h*8s attm(iiiv« Hubj<‘ct. Tlumgh it 
«uUJi<l8 |)amtioxit‘aI, tiuT** Ik a to ho «ai(l in favour of 

tln.s viow of plouKant work. 
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the region in which the ark stranded after the 
subsidence of the deluge. It is true that the 
geologists had drawn attention to a good many 
tolerably serious diiSficulties in the way of the 
diluvial part of this hypothesis, no less than to the 
supposition that the work of creation had occupied 
only a brief space of time. But even those, such 
as Lyell, who most strenuously argued in favour 
of the sufficiency of natural causes for the pro- 
duction of the phenomena of the inorganic world, 
held stoutly by the hypothesis of creation in the 
case of those of the world of life. 

For persons who were unable to feel satisfied 
with the fashionable doctrine, there remained only 
two alternatives — the hypothesis of spontaneous 
generation, and that of descent with modification. 
The former was simply the creative hypothesis 
with the creator left out ; the latter had already 
been propounded by De Maillet and Erasmus 
Darwin, among others ; and, later, systematically 
expounded by Lamarck. But in the eyes of the 
naturalist of the Beagle” (and, probably, in those 
of most sober thinkers), the advocates of transmu- 
tation had done the doctrine they expounded more 
harm than good. 

Darwin's opinion of the scientific value of the 
Zoonomia " has already been mentioned. His 
verdict on Lamarck is given in the following pas- 
sage of a letter to Lyell (March, 1863) : — 

Lastly, you refer repeatedly to my view as a 
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inodilication of Lamarck’s doctrine of development 
and pr<jgressi()n. If tins is your deliberate opinion 
there is nothing to be said, but it does not seem 
su to me. Plato, Buffon, my grandfatlier, before 
Lamarck and others, propounded the olmous view 
that if species wore not created separately they 
must have desoende<l from other species, and I 
can see nothing elstJ in common between the 
“Origin” and Lamamk, I btdieve this way of 
piit.ting the casti is vary injurious to its acceptance, 
as it implies iiec<issary ]n'ogression, and closely 
Ci>nne(;is Wallac(*. s and my views with what I con- 
sider, afUfrtwo delibenito retwlings, as a wretched 
book, and one from which (I well remember to my 
surprise) C gaiiusl nothing” 

“ lint,” adds Darwin witli a little touch of 
banter, “ I know you rank it liighor, which is curi- 
ous, us it did not in the least shake your btdief.” 
(!ir. p. 14; see also p. 1C, “to me it was an ab- 
soluU‘ly UHeh*HS book.”) 

Una]>le U) lind any satisfac-tory theory of the 
pnsms of (h^scimt with modilication in the works 
of his pnidecessors, Darwin proceedcid to lay the 
foundations of his own views independently ; and 
he naturally tunned, in ilui iirst place, to the only 
certainly known examples of descent with modifi- 
cation, nanu^ly, those which are presented by 
domestic animals and cultivated plants. He 
devoted himself to tlic study of these cases with 
a thorutighness to wluch none of his predecessors 
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even remotely approximated ; and ho very soon 
had his reward in the discovery '' that selec- 
tion was the keystone of man’s success in mak- 
ing useful races of animals and plants/’ (I. p. 
83.) 

This was the first step in Darwin’s progress, 
though its immediate result was to bring him face 
to face with a great difficulty. But how selection 
could be applied to organisms living in a state of 
nature remained for some time a mvstery to me,” 
(I. p. 83.) 

The key to this mystery was furnished by the 
accidental perusal of the famous essay of Malthus 
'‘On Population” in the autumn of 1838. The 
necessary result of unrestricted multiplication is 
competition for the means of existence. The suc- 
cess of one competitor involves the failure of the 
rest, that is, their extinction ; and this “ selection ” 
is dependent on the better adaptation of the suc- 
cessful competitor to the conditions of the com- 
petition. Variation occurs under natural, no less 
than under artificial, conditions. Unrestricted 
multiplication implies tho comi>etition of varieties 
and the selection of those whicli are relatively best 
adapted to the conditions. 

Neither Erasmus Darwin, nor Lamarck, had any 
inkling of tho possibility of this process of " natural 
selection” ; and though it had been foreshadowed 
by Wells in 1813, and more fully stated by 
Matthew in 1831, the speculations of the latter 
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writer remained unknown to naturalists until after 
the publication of the Origin of Species.” 

Darwin found in the doctrine of the selection of 
favourable variations by natural causes, which thus 
presented itself to his mind, not merely a probable 
theory of the origin of the diverse species of living 
forms, but that explanation of the phenomena of 
adaptation, which previous speculations had utterly 
failed to give. The process of natural selection is, 
in fact, dependent on adaptation — it is all one, 
whether one says that the competitor which sur- 
vives is the fittest ” or the best adapted."' And 
it was a perfectly fair deduction that even the 
most complicated adaptations might result from 
the summation of a long series of simple favour- 
able variations. 

Darwin notes as a serious defect in the first 
sketch of his theory that he had omitted to con- 
sider one very important problem, the solution of 
which did not occur to him till some time after- 
wards. This problem is the tendency in organic 
beings descended from the same stock to diverge 
in character as they become modified. . . . The 
solution, as I believe, is that the modified offspring 
of all dominant and increasing forms tend to 
become adapted to many and highly diversified 
places in the economy of nature." (J. p. 84) 

It is curious that so much importance should be 
attached to this supplementary idea. It seems 
obvious that the theory of the origin of species 
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by natural scU'ction necessarily involves the diverg- 
ciKte of the forms selected* An individual which 
varies, ipf^o facto diverges from the type of its 
species ; tind its progeny, in which the variation 
beeonios iutensiiied by selection, must diverge still 
mora, not only from the parent stock, but from 
any other race of that stock starting from a varia- 
tion of a different character. Tlio selective process 
could not take place unless the selected variety 
was either better adapted to the conditions than 
the original stock, or adapted to other conditions 
thaii the original stock. In the first case, the 
<}riginal stoc.k would he sooner or later extirpated; 
in the sec^ond, the type.*, as re.proseutiHl by the 
original Hiovk and the varittty, would occupy jnoro 
stations than it di<l before. 

Hie theory, (mstmtially such as it was published 
fourteen yttars hitor, was written out in 1844, and 
Darwin was so hilly convinced of the importance 
id* liis work, as it then stood, that he made special 
arrangennmis for its publication in (5as(* of his 
(U‘ath* Ihit it is a singular exaniph^ of reticent 
foHitu<l<N that, although fortius next fourteen years 
tint subject never left his mind, a-nd during the 
latter half of that pt‘rioil he was constantly en- 
gag<ul in amassing facts bearing upon it from wide 
remling, a colossal correspondmicc^ and a long series 
of experinntnts, only two or three friends were 
cognisant of his views. To the outside world he 
Heiumnl to have his hands <juite suffiinently full of 
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other matters. In 184 j 4, he published his observa- 
tions on the volcanic islands visited during tlie 
voyage of the “ Beagle.” In 1845, a largely re- 
modelled edition of his Journal ” made its appear- 
ance, and immediately won, as it has ever since 
held, the favour of both the scientific and the un- 
scientific public. In 1846, the Geological Ob- 
servations in South America ” came out, and this 
book was no sooner finished than Darwin set to 
work upon the Cirripedes. He was led to under- 
take this long and heavy task, partly by his desire 
to make out the relations of a very anomalous 
form which he had discovered on the coast of 
Chili; and partly by a sense of '' presumption in 
accumulating facts and speculating on the subject 
of variation without having worked out my duo 
share of species.” (11. p. 31.) The eight or nine 
years of labour, which resulted in a monograph of 
first-rate importance in systematic zoology (to say 
nothing of such novel points as tlie discovery of 
complemental males), loft Darwin no room to re- 
proach himself on this score, and few will share 
his doubt whether the work was wortli the con- 
sumption of so much time."” (I, p. 82.) 

In science no man can safely speculate about 
the nature and relation of things witli which he is 
unacquainted at first hand, and the acijuirement 
of an intimate and practical knowledge of the 
process of species-making and of all the uncertain- 
ties which underlie the boundaries between species 
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an<l varieties, drawn by even the most careful and 
consci(-‘utious sysbuiiatists ^ were of no less im- 
p<H*tiaiice to the author of tlie “ Origin of Species 
than was tlic bearing of the CiiTipede work nj^on 
the i>rincip]es of a natural classification/’ (L p. 
HI.) No on(', as Darwin justly observes, has a 
right to examine the (ptestion of species who 
has not minutely described many/’ (11. p, 39.) 

In Scptenibor, 1854, the Oirripede work was 
iiiiished, ten thousand barnacles ” had been scut 
“ out of the house, all over the world/’ and Darwin 
had the satisfaction of being free to turn again to 
his '' old notes on spechfs.” In 1855, he bcigan to 
bribed j>ig(‘oiis, and to make observations on the 
eifecds of uhcj and disuse, experiments on seeds, 
and so on, while resuming Ids industritms collec- 
tion of facts, with a view to see liow far they 
lavour or arcj opj)osed to the notion that wild species 
artJ mutabhi or immutable. I mean with my 
utmost ])owo*r to give all arguments an<l facts on 
hoih Hid(*s. T have a nmnhvr of ])(‘(q)lc helping 
evt‘ry way, and giving n\o most valuable 


* ** After a Kct of foniw na difitiuct spocios, toarinf?; 

tip my MS., and uiukiuK thorn onti Hpoiaos, tearing that up aud 
luakittg them w*parate, and then inakmgthem one again (which 
han hapjHUicd to mo), I havo gnaKhed my curKed speexua, 
and aHKoil what »in I had comiriittod to ho m punwlMsd/^ (IL 
p. 40 . ) Ih thc.ro any naturaliHt provided with a logical aonsc and 
a largo suiti^ of BpcciTucna, who iiaa not midergono panga of the 
wort dc«crih<«l in thi« vigoroUH paragraph, which wdght, with 
advantage, ho printed on tho txtlo-pago of ovary systematic 
intmogmph an a warning to tho uninitiatod ? 
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assistance ; but I often doubt whether the subject 
will not quite overpower me/' (II. p. 49.) 

Early in 1856, on Lyell's advice, Darwin began 
to write out his views on the origin of species on a 
scale three or four times as extensive as that of the 
work published in 1859. In July of the same 
year he gave a brief sketch of his theory in a 
letter to Asa Gray ; and, in the year 1857, his 
letters to his correspondents show him to be busily 
engaged on what he calls his '"big book/' (IL 
pp. 85, 94.) In May, 1857, Darwin writes to 
Wallace : '' I am now preparing my work [on the 
question how and in what way do species and 
varieties differ from each other] for publication, 
but I find the subject so very large, that, thougli 
I have written many chapters, I do not suppose I 
shall go to press for two years." (IL p. 95.) In 
December, 1867, he writes, in the course of a long 
letter to the same correspondent, I am extremely 
glad to hear that you are attending to distribution 
in accordance with theoretical ideas. I am a firm 
believer that without speculation there is no good 
and original observation." (II. p. 108.)^ lu 
June, 1858, he received from Mr. Wallace, then 
in the Malay Archipelago, an "Essay on th() 
tendency of varieties to depart indefinitely froTu 

^ The last remark contains a pregnant truth, hut it must ho 
confessed it hardly squares with the declaration in the Auto- 
biography f (I. p. 83), that he worked on **truo Baconian 
principles." 
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the orij^nnal typ(‘/’ of \Yliicli Darwin says, ‘‘If 
Wallace had lay sketch written cnxt in 1842 
ho could not hav(‘, made a better short abstract ! 
Kv(*n his tc^nus stand now as heads of my chapters. 
Please r^^tu^u the M>S., which ho does not say 
he wishiiS me to publish, but I shall, of course, at 
oii(‘e writ<i ami otier to send it to any jtmmal. 
S(»ail my <»ri<^dnality, whatever it may amount to, 
will bcj smashed, though my book, if ever it will 
havii any value, will not be d(‘t(‘.riorated ; as all 
the* labour consists in llu* tipplication of the 
theory.'^ (II. p. ! Ul) 

Tims, Darwin's first impulse was to publish 
\Valla('e\s <*ssay without note or coimm^nt of his 
own. Ihitjon eoiiHultation with Lyell and Hooker, 
the lati.iT of wlmm ha<l read the sketch of 1844, 
they suggested, as an umhmbtedly more ecpiitable 
eonrse, tiiat extracts from tlu? MK of 1844 and 
froxn thi^ leth^r ’Dr. Asa Gray should be com- 
municated to the liiimean Sociedy along with 
Wail'we's essay. The joint communication wjis 
rc*ad on July 1, 1858, and jniblished under the 
tit hi ‘‘Oil tin** Tendency of Sptsnes to form 
Varifdies ; and on the ITjrpiituation (d* Varieti<*H 
ami Hp(Kde.s by Natural Means Selection” 
This was f<d!owe<I, on Darwitf s ]iart, by tins com- 
ixmition of a summary account oi the conclusions 
to wlfudi his twimiy years' work on the species 
question hiul led him. It <iecupied him for 
thirteen months, and apiHjarod in November, 
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1859, tmdor the title “ On the Orij^n'ii of Rpo<n<‘H 
by means of Natural vSclection or the PresfTvation 
of Favoured Races in the Stru^^glc of Life/* 

It is doubtful if any single book, oxcc^pt iht‘ 

Principia,” ever worked so great s<» rapiil a 
revolution in science, or made so <loej> an 
impression on the general miiuh It aroused a 
tempest of opposition and met witli c(pially 
vehement support, and it must he ad<led tlnat 
no book lias he<^n iu<»re widely and persisttudly 
misTiiidorstood by both friends and foes. Iti 1861, 
Darwin remarks to a coiTtsspondcnt, ** You under- 
stand my book perfectly, ami that I find a very 
rare event with my critics.'* (1. p. JUJ).) Tlu^ 
immense popularity which the “ Origin*’ at om;e 
ac<piircd was no ciotibt largely dm^ to its many 
points of contact with ])hilosoplii(»al jukI iheo 
logical <pu‘Stions in which (‘V<Ty inlidligent man 
feels a profound interest; but a good deal muni 
bo assigned to a somewhat delusiv<^ simplicity of 
style, which tends to disguisi^ the complexity and 
difficulty of the subject, and nuich to the w<‘alt,fi 
of information on all sorts of curious pr<d)leins of 
natural history, which is made {iccussiblc to the 
most unlearned Header, But long<K‘(‘upation with 
the work has led the pres(‘ui wiit(*r to believe 
that the “Origin of Hptuues’* is oneef tin* hardest 
of hooks to master ; ^ and he is justified in (hin 

^ lie XH coiiifodiMl to liinl that prolaMy tlu* <|u*UifiMi 
judge among all tlio readers of the Orifjhi ia IHCdf was of tlt«t 
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conviction by observing that although the 
Origin has been close on thirty years before the 
world, the strangest misconceptions of the 
essential nature of the theory therein advocated 
are still put forth by serious writers. 

Although, thou, the present occasion is not 
suitable for any detailed criticism of the theory, or 
of the objections wliich have been brought against 
it, it may not be out of place to endeavour to 
S(‘parate the substance of the theory from its 
acci<lcnts ; and to show that a variety not only of 
hostile comments, but of friendly would-be im- 
provonu'nts lose their raimi (Vetre to the careful 
stndeiit. Obsorvation proves tlio existence among 
all living Indiigs of phenomena of three kiiHls, de- 
Tioted by the terms heredity, variation, and multi- 
plication* Pr(>g(?ny tend to resemble tlunr parents ; 
nevertheless all their organs and functions are sus- 
ceptihh^ of departing more or less from the average 
panojtal <}harach‘r; and their numbtu’ is in excess 
of that of their parents. 8ev(iro c(>mi)otition for 
the. means of living, or the struggle for existence, 
is a iKHUiSsary couse.<}uencc of unlimited ixiultipli- 
oition ; while s(*UKjtiou, or the pn^sorvation of 
favourable variations and the (extinction of otln^rs, 
is a n(HU‘SHary eonw(^(lucric^^ of sevi^re com])cUtion. 
“ Favotirahle variations” ans thos<i which are 
bethT adapted to surrounding condithms* It 

Haiuu oiunioiK Bir,). Hookor writuR, is the very haidoBt 
l»<Kik to to full profit, that 1 «vor iritnV* (11* p. 242.) 
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follows, therefore, that every variety which is 
selected into a species is so favoured and pre- 
served in consequence of being, in sonic one or 
more respects, better adapted to its surroundings 
than its rivals. In other words, every species 
which exists, exists in virtue of ada])tation, and 
whatever accounts for that adaptation accounts for 
the existence of tho species. 

To say that Darwin has ])ut forward a theory of 
the adaptation of species, but not of their origin, 
is therefore to misunderstand the first princij)les 
of the theory. For, as has been pointed out, it is 
a necessary consequence of tho theory of selection 
that every species must have some one or more 
structural or functional peculiarities, in virtue of 
the advantage conferred by which, it has fought 
through the crowd of its competitors and acliicwed 
a certain duration. In this sense, it is tru<i 
that every species has been originated ** by 
selection. 

There is another sense, however, in which it is 
equally true that selection originates nothing, 
Unless profitable variations .... occur natural 
selection can do nothing” Origin,'’ Kd. I. p. 82). 
“Nothing can be effected unless favourabhi 
variations occur ” (ibid., p. 108). “ What applies 
to one animal will apply throughout time to all 
animals — that is, if they vary — for otluirwisii 
natural selection can do notliing. Ho it will be 
with plants” (ihid, p. 113). Strieily speaking, 
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tlu^rof<»ro, tlie origin of spocies in general lies in 
variation; while the origin of any particular 
speclijs lies, iirstly, in the occurrence, and secondly, 
in the st‘lccilr>n and preservation of a particular 
variatiini* Olearness on this hctad will relieve one 
from tho necessity of attending to the fallacious 
asserti<»n tliat natural selection is cxmachind, 
or occult agency. 

Thosti, again, who ccuifuse the operation of the 
natural causo.s whitdn bring about variation and 
st‘l(u;tion with what they ani )>leascd to call 
** chaiHH* ” can hardly have read the opening 
paragrapli of tlu‘ hfih c.haptor of the “ Origin 
(Kd. 1, p. 181 j: “ 1 have sointdinies spoktin as if 
the, variaiiotis .... ha<l Ixuui due to (diancc. 
This is of course a wholly in(u/rn*<*.t expression, 
but ii seems to ac, knowledge jilainly our igno- 
rance of ih(< cause of each partituilar variation/* 

Anoth<.*r point, of gn^at Importancxj to the right 
<’tunprehension of the the,ory, is, th,at while every 
spi‘cies must n(‘eds hav<‘ some jwhiptive advanta- 
g(x>us characters to which it owt'sits pnsscTvatiou 
by Hele(!i.ion, it may possess aiiy number of others 
which are, lufither advantageous nor disadvatiia- 
geoUH, but inditVenujit, or even slightly dimulvan- 
tagtxms. {Ihid,, p. HI.) For variations take phice, 
mdi mtin*ly in (*ne organ or function at a time, but 
in maiiy ; atnl thus an advantageous variation, 
which givt*s rise to the selection of a new race {)r 
HjsH*ie.H, may aecotnpanicnl by others which are 
V<Mm u u 
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indifferent, but wliich are just as strongly heredi- 
tary as the advantageous variations. The advan- 
tageous structure is but one product of a niO(lili(‘d 
general constitution which niay manifest itscjlf by 
several other products ; and the selective process 
carries the general constitution along witli the 
advantageous special peculiarity. A given species 
of plant may owe its existom^c to the selective! 
a<laptation of its flowers to insect fertilisers ; but the 
character of its leaves may bo the result of varia- 
tions of an indifferent character. It is the origin 
of variations of this kind to which Darwin refers iii 
his frequent reference to what ho calls “ laws of 
correlation of growtli ” or correlated variation/' 
These considerations lead us further to see th(‘ 
ina])pro2Driatoness of the objections raised f.o 
Darwin’s theory on the ground that natural 
selection does not account for the first comnnaHU!- 
mouts of useful organs. But it clocks not pretend 
to do so. The source of such commoncenuuits is 
necessarily to bo sought in difierent variafions, 
which remain unaffected by selection until the.y 
have taken such a form as to become utilisjibhi in 
the struggle for existence* 

It is not essential to Darwin's tln^ory that 
anything more should be assumed than the facts 
of heredity, variation, and unlimited multiplication ; 
and the validity of the deductive reasoning as to 
the effect of the last (that is, of the struggle for 
existence which it involves) upon the varieties 



X 


OBITUAEY 


201 


resulting from tlie operation of the former. Nor 
is it essential that one should take up any 
particular position in regard to the mode of 
variation, wlxether, for example, it takes place per 
mUnm or gradually ; 'whether it is definite in 
character or indefinite. Still less are those who 
ac(^ept the theory bound to any particular views as 
to the causes of heredity or of variation. 

That Darwin held strong opinions on some or all 
ot' these points may bo (juite true ; but, so far as 
the theory is concerned, they must be regarded as 
(Mler ilicia. With respect to the causes of vari- 
ation, Darwin’s opinions are, from first to Iasi., 
]>ut forward altogt^iher teutativ(‘ly. In the first 
c^dition ofiho Origin,’' he attributes the strongt^st 
influence to changiJS in the conditions of life of 
parental organisms, which ho appears to think act 
on th(? g(‘rm through the intenuediatiou of the 
Htixual organs, lie points out, over and over again, 
tljat ha])it, ust*, disuse, and the direct influence of 
conditions linve sonui olieot, Imt ho does not think 
it great, and he draws attention to the difficulty 
of tlistinguisliiiig between olfects of these agencies 
an<l those of selection. There is, liowover, one 
class of variations which ho witlulraws from the 
dinict influeiice of selection, namely, the variations 
in the fijrtility of the sexual union of more or leas 
cl(»sely allied forma. ITe regards less fertility, or 
mim or hiSS complete sterility, as ** incidental to 
oilier aiM|uire(l<lifrer<num”(iW/., p, 24r>.) 

u 2 
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Considering the difficulties which surround the 
question of the causes of variation, it is not to ho 
wondered at, that Darwin should liave inclined, 
sometimes, rather more to one and, someiimes, 
rather more to another of the possible alternatives. 
There is little difference between the last edition 
of the Origin ” (1872) and the first on this head. 
In 1876, however, he writes to Moritz Wagner, 
“ In my opinion, the greatest error wliich I have 
committed has been not allowing sufficient weight 
to the direct action of the environments, food, 
climate, &c,, independently of natural selection, 
. , . . When I wrote the ‘ Origin,' and for some 
years afterwards, I could find little good evidence 
of the direct action of the environment ; now there 
is a large body of evidence, and your case of the 
Saturnia is one of the most remai'kablo of which 
I have heard.” (Ill, p. 159.) But th<irc is ixially 
nothing to prevent the most tenacious adberont to 
the theory of natural selection from talcing any 
view he pleases as to the importance of the dinujt 
influence of conditions and the liereditary trans- 
missibility of the modifications which they produce. 
In fact, there is a good deal to ])c said for the view 
that the so-called direct influence of conditions is 
itself a case of selection. Whether tlie liypothcsis 
of Pangenesis be accepted or rejected, it can hardly 
bo doubted that the struggle for existence goes on 
not merely between distinct organisms, but Ixitwoen 
the physiological units of which each organism is 
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coiiiiMKsed, and that, chauges in external conditions 
favour some and hinder others. 

After a short stay in Cambridge, Darwin resided 
in London for tlu* first five years which followed 
his return to England ; and for throe years, he held 
the post of Secretary to the Geological Society, 
though lie siiared to the full his friend Lyelhs 
ol>j(‘cti()n to entanglement in such engagements. 
In fact, ho used to say in later life, more than half 
in (earnest, tliat he gave tij> hoping for work from 
nujii who accepted official duties and, especially, 
Government jippoiutments. Happily for him, lie 
was (*,xempU‘.<l fnnn the necessity of making any 
sacrifice of this kind, hut an even heavier burden 
was laid upon him. During tlie earlier half of his 
voyage Darwin retained the vigorous health of his 
boyliood, and indo<‘.<l proved himself to bo excep- 
tionally (^ajiahle of (‘uduring fatigue and privation. 
An anomalous but severe disorder, which laid liini 
up forseviU'al weeks at Valparaiso in 1834, how- 
<jver, s<*.(nus to have left its mark on his constitution; 
and, in the lat<‘r y(*ars of his London life, attacks 
of illness, usually accompanied by severe vomiting 
and gn^at prostration of strength, became fre<picnt. 
As he grew okh^r, a consiihirable part of e.very day, 
even at his best times, was spmit in misery ; while, 
nt>t uufn*(pU‘uUy,months of stittering rendered work 
of any kln<l impossible. Even Darwin's remarkable 
hmucity of purpt)S(i and meihodiijal utilisation of 
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every particle of available energy not have 

enabled him to acliicvc a fraction of the vast 
amount of labour he got through, in tlie course of 
the following forty years, had not the wisest and the 
most loving care unceasingly siuToundcd liim from 
the time of his marriagt) in 1839. As early as 
1842, the failure of lujalth was so nirirked 
that removal from London became iin}>eratively 
necessary; and Darwin purchased a house and 
grounds at Down, a solitary hamlet in Kent, which 
was his home for the rest of his life. Under tluj 
strictly regulated conditions of a valetudinarian 
existence, the intellectual activity of the invalid 
might have put to shame most healtliy num ; and, 
so long as he could hold his head tip, thert^ was no 
limit to the genial kindness ofihought and lUJtion 
for all about him. Those frumds who wen* 
privileged to share tlu^ iatinuihi life of ih(*- Imusc- 
hold at Down have an abiding moinory of the 
cheerful rcstfulncss which ]HU*va(hMl ami (dniriuitor- 
ised it. 

After tnentioning his soitlemeut at l)i)wn, 
Darwin writes in his Axitobiography : — 

'^My chief enjoyment and sohi (unploynumt 
throughout life has boon sciontihe work ; ami the 
excitement from such work makes mo, lor iUe time, 
forget, or drives quite away, my daily disc(unfort. 
I have, therefore, nothing to record during il us rest 
of my life, except the publication of my several 
books.’’ (I, p. 79.) 
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Of such works j)ublished subsequently to 1859, 
several ax'e monographic discussions of topics 
briefly dealt with in the “ Origin/^ which, it must 
always be recollected, was considered by the 
author to be merely an abstract of an opus majus, 

Tlie earliest of the books which may be placed 
in this category, On the Various Contrivances 
by wliich Orchids are Fertilised by Insects/’ was 
published in 18G2, and whether we regard its 
theoretical significance, the excellence of the ob- 
servations and the ingenuity of the reasonings 
which it records, or the prodigious mass of sub- 
sc(juent investigation of which it has been the 
parent, it has no superior in i>oint of importance. 
The conviction that no theory of the origin of 
species could bo satisfactory which failed to offer 
an explanation of the way in wlxich mechanisms 
involving adaptations of structure and function to 
the performance of certain operations arc brought 
about, was, from the first, dominant in Darwin’s 
Tnind. As lias been seen, be rejected Lamarck’s 
vi<^ws because of their obvious incapacity to furnish 
such au explanation in the case of the great 
majority of animal mechanisms, and in that 
of all those prosotitcd by tlic vegetable world. 

So far back as 17951, the wonderful work of 
Sprongcl had ost.(iblished, beyond any reasonable 
doubt, tlu-i fact that., in a largo number of cases, a 
flower is a piece of mechanism the object of which 
is to convert insect visitors into agents of fertilisa- 
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tion. Sprengcl’s observations had bcou most 
undeservedly neglected and well-nigh forgotten ; 
but Robert Brown having directed Darwin's 
attention to them in 1841, he was attracted 
towards the subject, and verified many of SprengcFs 
statements. (Ill, }). 258.) It may be doubted 
whether there was a living botanical specialist, 
except perhaps Brown, who had done as much. 
If, however, adaptations of this kind were to be 
explained by natural selection, it was nec^essary to 
show that the plants which were provided with 
mechanisms for ensuring the aid of insects as 
fertilisers, were by so much the better fitte<l 
to compote with their rivals. This Sprengid 
had not done. Darwin had been attending to 
cross fertilisation in plants so far hack as 1889, 
from having arrived, in the course of his sp(HUi- 
lations on the origin of s])ecies, at the convic- 
tion 'rthat crossing played an important part 
in keeping specific forms constant" (f, p. 90). 
The further development of his views on tlu^ 
importance of cross fertilisation appears to have 
taken place between this time and 1857, whetj, ho 
published his first papers on the fertilisjition of 
flowers in the '^Gardener's Chronicle." If the 
conclusion at which he ultimately arrived, that 
cross fertilisation is favourable to the fijrtility of 
the parent and to the vigour of the offspring, is 
correct, then it follows that all those mechanisms 
which hinder self-fertilisation and favour crossing 
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must be advantageous in the struggle for exist- 
ence; and, the more perfect the action of the 
mechanism, the greater the advantage. Thus the 
way lay open for the operation of natural selection 
in gradually perfecting the flower as a fertilisation- 
trap. Analogoiis reasoning applies to the fertil- 
ising insect. The better its structure is adapted 
to that of the trap, the more will it be able to 
profit by the bait, whether of honey or of pollen, 
to the exclusion of its competitors. Thus, by a 
sort of action and reaction, a two-fold series of 
adaptive*, modifications will be brought about. 

In 3805, the important bearing of this subject 
on his th(*.<n 7 led Darwin to commence a great 
S(*rie8 of laborious and difficult experiments on the 
fertilisation of plants, which occupied him for 
eleven years, and furnished him with the unex- 
p(‘ctodly strong evi<Iouco in favour of the influence 
of crossing which he published in 1870, under the 
titiv, of*^ Th<i Kfiects of (Jross and Self Fertilisation 
in ih(j Vegetable', Kingdom.'' Incidentally, as it 
w(U*(i, to this heavy piece of work, he made the 
nunurkablc series of observatu)ns on the different 
arrangements by which crossing is favoured and, 
in many iu^c<jssitat(id, wliich ajpearod in the 
work on ''The Different Forms of Flowers in 
Plants of the same Species*' in 1877. 

In the course, of the twenty years during which 
Darwin was thus oiujupied in opening up new 
rijgious of hivestigatiou to the botanist and 
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showing the profound physiological significance of 
the apparently meaningless diversities of floral 
structure, his attention was keenly alive to any 
other interesting phenomena of plant life which 
came in his way. In his correspondence, he not 
unfrequently laughs at himself for his ignorance 
of systematic botany ; and his acquaintance with 
vegetable anatomy and physiology was of the 
slenderest. Nevertheless, if any of the less 
common features of plant life came under his 
notice, that imperious necessity of seeking for 
causes which nature had laid upon him, impelled, 
and indeed compelled, him to inquire the how 
and the why of the fact, and its bearing on his 
general views. And as, hai)plly, the atavic ten- 
dency to frame hypotheses was accompanied 
by an equally strong need to test them by well- 
devised experiments, and to acquire all j)ossibIe 
information before publishing his results, the 
effect was that he touched no topic without 
elucidating it. 

Thus the investigation of the operations of 
insectivorous plants, embodied in the work on that 
topic published in 18*75, was started fifteen years 
before, by a passing observation made during one 
of Darwin's rare holidays. 

*‘In the summer of 1800, T was idling and 
resting near Hartfiold, where two species of 
Drosera abound; and I noticed that numerous 
insects had been entrapped by the loaves. I 



X 


OBITUAKY 


299 


carried home some plants, and on giving them 
some insects saw the movements of the tentacles, 
and this made me think it possible that the insects 
were caught for some special purpose. Fortu- 
nately, a crucial test occuired to mo, that of placing 
a largo number of leaves in various nitrogenous 
and non-niirogenous fluids of ecpial density ; and 
as soon as I found that the former alone excited 
energetic movements, it was obvious that here was 
a lino new field for investigation.” (I, p. 95.) 

The researches thus initiated led to the proof 
that plants are capable of secreting a digestive 
fluid like that of animals, and of profiting by the 
result <^f digestion ; whereby the peculiar appara- 
tuses of the insectivorous plants were brought 
withiti the scope of natural selection. Moreover, 
these inq\iirics widely enlarged our knowledge of 
the manner in which stimuli are transmitted in 
plants, and opened up a i)rospect of drawing closer 
tlie analogi<;s b(^tweon the motor processes of plants 
and those of aiiiinals. 

Bo with respect to the books on ‘‘Cflimbing 
Plants” (1875), and on the ** Power of Movement 
in Plants” (1880), Darwin says 

** I was led to take tip this subject by reading a 
short paper by Asa (Jray, published in 1858. He 
sent me some seeds, an<l on raising some plants I 
was so much fascinated and perplexed by the 
revolving movements of the tendrils and stems, 
which movciucuts are really very simple, though 
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appearing at jfirst sight very complex, that I pro- 
cured various other kinds of climbing plants 
and studied the whole subject. , * . Some of the 
adaptations displayed by climbing plants are as 
beautiful as those of orcliids for ensuring cross- 
fertilisation.” (I, p. 93.) 

In the midst of all this amount of work, 
remarkable alike for its variety and its importance, 
among plants, the animal kingdom was by no 
means neglected. A large moiety of “ The 
Variation of Animals and Plants under Domesti- 
cation” (1868), which contains ih.& pUcen 
iives of the first chapter of the Origin,” is devoted 
to domestic animals, and the hy 2 >othesis of 

pangenesis ” propounded in the second volume 
applies to the whole living world. In the Ori- 
gin” Darwin throws out some suggestions as to 
the causes of variation, but he takes liorediiy, us it 
is manifested by individual organisms, fur granted, 
as an ultimate fact ; j)angenesis is an attempt to 
account for the phenomena of heredity in the 
organism, on the assumption that! he physiological 
units of which the organism is composed give off 
gemmules, which, in virtue of luTodity, tend to 
reproduce the unit from which they are <lerived. 

That Darwin had the application of his theory 
to the origin of the human species clearly iu his 
mind in 1859, is obvious from a passage in the 
first edition of The Origin of Species.” (Ed- 1, 
p. 4!88.) In the distant future I see open fields 
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for far more important rosoarclicf^. Psychology 
will bo basod on a new foundation, that of the 
necessary acquirement of each mental power and 
capacity by gradation. Light will be thrown on 
the origin of man and his history,” It is one of 
th(i curiosities of scientific literature, that, in the 
fa('c of this plain declaration, its author should have 
been cliJirged with concealing his opinions on the 
suhjc‘ct of the origin of man. But he reserved the 
full si.at<nnent of his views until 1871, when the 
*^l)es(^(mt of Man” was published. The ‘'Expres- 
sion of t.h<‘. Emotions ” (originally intended to form 
only a chapter in the " Desetmt of Man ”) grew into 
a s(q)arat(i volume, which appeared in 1872. 
Altlujugh always taking a keen interest in g^^ology, 
Djirwiu naturally found no time disposable for 
gc.ological work, oven had his health permitted it, 
aft(tr became seriously engaged with the great 
])robl(‘m of sixicics. But the last of his labours is, 
in some sense, a return to his earliest, inasmuch as 
it is an expansion of a short paper i*ead before the 
Geoh^gical Society more than forty years before, 
and, as ho says, " revived old geological thoughts ” 
(1, p, 98), In fact, " The Formation of Vegetable 
Mould through tho Action of Worms,” affords as 
striking an exami>lo of the great results produced 
by the long-continued operation of small causes as 
even the author of tho " PrincIj>los of Geology ” 
cotild have desired. 

In the (^arly months of 1882 Darwin's health 
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underwent a change for the worse ; attacks of 
giddiness and fainting supervened, and on tlie 10th 
of April he died. On the 24th, his remains were 
interred in Westminster Abbey, in accordance with 
the general feeling that such a man as ho should 
not go to the grave without some public recogni- 
tion of the greatness of liis work. 

Mr. Darwin became a Fellow of the Royal 
Society in 1839 ; one of the Royal Medals was 
awarded to him in 1853, and he received the 
Copley Medal" in 1864. The Life and Letters, 
edited with admirable skill and judgment by Mr. 
Francis Darwin, gives a full and singularly vivid 
presentment of his father’s personal character, of 
his mode of work, and of the events of his life. In 
the present brief obituary notice, the writer lias 
attempted nothing more than to select and put 
together those facts which enable us to trace the 
intellectual evolution of one of the greatest of ih(i 
many great men of science whose names adorn the 
long roll of the Fellows of the Royal Society. 
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ON OUR KNOWLEDGE OF THE CAUSES 
OF THE PHENOMENA OF ORGANIC 
NATURE 

[*SVj! Letiuns to Wwkinff Mm . — 18G3.] 

I. 

TIIK I’RKSKNT <'<>XI)rn<)N OF OIWUNK! NATUKR. 

WuKN it. WiiH luy duty to considor what .subject I 
would Holoct fur th(j six lectures which I shall now 
havt! the jdeasiire of (hdivering to you, it occurred 
to me that I could not <Io hetter than endeavour 
to put hoforc you ill a true light, or in what I 
might pcrhaiw with more modesty call, that which 
i conceive myself to he the true light, the position 
of a book which has been more praised and more 
abused, perhaps, than any book which has appeared 
for some years;— I mean Mr. Darwiu’swork on the 
“Origin of Species.” Tliat work, I doubt not, 
many of you liave road ; for I know the inquiring 
spirit which is rife among you. At any rate, all 
of you will have heard of it,— some by one kind of 
report and some by another kind of report; the 



804 


Tim TAUSER OF THE 


XX 


attention of all and the curiosity of all have b(;eu 
probably more or less ('xeitccl on the subject of 
that work. All I can do, and all I shall attcumjyt 
to do, is to put before you that kind of judp^niout 
which has been formed by a man, who, of course, 
is liable to judge erroneously ; but, at any rate, of 
one whoso business and profession it is to form 
judgments upon questions of ibis uattirc. 

Andliere, as it will always happen when dealing 
with an extensive subject, the gnjater part of my 
course — if, indeed, so small a number of lectures 
can bo properly called a course — must bo devoted 
to preliminary matters, or rather to a statement of 
those facts and of those principles which the wmrk 
itself dwells upon, and brings more or h^ss directly 
before us. I have no right to supposi^ that c,U or 
any of you are naturalists ; and, even if yoti 
the misconceptions and inisuud(<rstandings prev- 
alent even among naturalists, on tliese mai.titrs, 
would make it desirahle that I should take tlu^ 
course I now propose to tak(^, — that I should 
start from the bc^ginning, — that I should ciuh^avour 
to point out what is the existing state of thi,‘ 
organic world — that I should point out its pfist 
condition, — that I should state what is the precise 
nature of the undertaking which Air. J)arwin has 
taken in hand; that I should ondeav<Hir to show 
you what arc the only methods by wlih^h tliat 
undertaking can be brouglit to an issm*, and to 
point out to you how far the author of tiu^ work 
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ill (question lias satisfied those conditions, how far 
he has not satisfied them, how far they are satis- 
fiable by man, and how far they are not satisfiable 
by man. 

To-night, in taking up the first part of the 
(juestion, I shall endeavour to put before you a 
s(»rt of broa<l notion of our knowledge of the con- 
dition of the living world. There are many ways 
of doing this. I might deal with it pictorially and 
graphically. Following the example of Humboldt 
iu his Aspects of Nature,” I might endeavour to 
]>oiiit out the infinite variety of organic life in 
every mode of its existence, with reference to the 
variations of climate and the like ; and such an 
attempt would be fraught with interest to us all ; 
but considering the subject before us, such a course 
woul<l not bo that best calculated to assist us. In 
an argunuiut of this kind wo must go further and 
dig deep^u* into the matter ; we must endeavour to 
look into th(». foundations of living Nature, if I 
may so discover the principles involved in 

Honu‘- of lior most secret ojicrations. I propose, 
tlujrefore, in the first place, to take some ordinary 
animal with which you are all familiar, and, by 
easily comprehensible and obvious examples drawn 
from it, to show what are the kind of problems 
whi<*h. living beings in general lay before us j and 
I shall then slu)W you that the same problems are 
laid opm to us by all kinds of living beings. 
But, first, let mo say iu what semso X have used the 



306 


THE CAUSES OF THE 


XI 


words '' organic nature.” In speaking of the 
causes which lead to our present knowledge of 
organic nature, I have used it almost as an 
equivalent of the word living,” and for this 
reason, — that in almost all living beings you can 
distinguish several distinct portions set apart to 
do particular things and work in a particular way. 
These are termed ox’gans,” and the whole 
together is called “organic.” And as it is 
universally characteristic of them, the term 
“ organic ” has been very conveniently employed 
to denote the whole of living nature, — ^thc whoh^ 
of the plant world, and the whole of the animal 
world. 

Few animals can be more familiar to you than 
that whose skeleton is shown on our diagram. 
You need not bother yourselves with this “ 
calallm'^ written under ifc; that is only the Latin 
name of it, and does not make it any better. It 
simply means the common horse. Suppose wo 
wish to understand all about the horse. Our 
first object must be to study tlie structurij of tla^ 
animal. The whole of his body is inclosed witliin 
a hide, a skin covered with hair ; and if that hide 
or skin be taken off, we find a great mass of flesh, 
or what is technically called muscle, being the 
substance which by its power of contraction enables 
the animal to move. Those muscles move the hard 
parts one upon the other, and so give that strength 
and power of motion which renders the horse so 
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useful to US in the performance of those services 
in which we employ him. 

And then, on separating and removing the whole 
of this skin and flesh, you have a great series 
of bones, hard structures^ bound together with 
ligaments, and forming the skeleton which is 
represented here. 

In that skeleton there are a number of parts to 
be recognised. The long series of bones, beginning 
from the skull and ending in the tail, is called the 
spine, and those in front are the ribs ; and then 
there are two pairs of limbs, one before and one 
behind ; and there are what we all know as the 
fore-legs and the hind-legs. If we pursue our 
researches into the interior of this animal, we find 
within the framework of the skeleton a gi‘eat 
cavity, or rather, I should say, two great cavities, 
— one cavity beginning in the skull and running 
through tlie neck-bones, along the spine, and 
ending in the tail, containing the brain and the 
spinal marrow, which are extremely important 
organs. The second great cavity, commencing 
with the mouth, contains the gullet, the stomach, 
the long intestine, and all the rest of those internal 
apparatus which are essential for digestion ; and 
then in the same great cavity, there are lodged the 
heart and all the great vessels going from it ; and, 
besides that, the organs of respiration — ^the lungs ; 
and then the kidneys, and the organs of repro- 
duction, and so on. Let us now endeavour to 
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reduce this notion of a horse that wo now have, to 
some such kind of simple expressions as can be at 
once, and without difficulty, retained in the mind, 
apart from all minor details. If I make a trans- 
verse section, that is, if I were to saw a dead 
horse across, I should find that, if I left out the 
details, and supposing I took my section through 
the anterior region, and through the fore-limbs, I 
should have here this kind of section of the body 
(Fig. 1). Here would be the upper part of the 

animal — that great 
mass of bones that 
we spoke of as the 
spine (a, Fig. 1). 
Hero I should have 
the alimentary 
canal (&, Fig. 1). 
Hero I slioul<! have 
the lioart (r, Fig. 
1) ; and tht*n you 
SCO, tlioro would bo 
a kind of double 
tube, tlio whole 
being inclosed with- 
in the hide ; the spinal marrow woul<l bo placcsl 
in the upper tube (a. Fig. 1), and in the low(‘r 
tube (d d, Fig. 1), there would be the alimentary 
canal (J), and the heart (c); and here I shall 
have the legs proceeding from each side. For 
simplicity’s sake, I represent them merely as 
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stumps {e 6y Fig. 1). Now that is a horse — as 
mathematicians would say — reduced to its most 
simple expression. Carry that in your minds, if 
you please, as a simplified idea of the structure of 
the horse. The considerations which I have now 
put before you belong to what we technically call 
the Anatomy ” of the horse. Now, suppose we 
go to work upon these several parts, — flesh and 
hair, and skin and bone, and lay open these various 
organs with our scalpels, and examine them by 
means of our magnifying-glasses, and see what we 
can make of them. We shall find that the flesh 
is made up of bundles of strong fibres. The brain 
and nerves, too, we shall find, are made up of 
fibres, and these queer-looking things that are 
called ganglionic corpuscles. If we take a slice of 
the bone and examine it, we shall find that it is 
very like this diagram of a section of the bone of 
on ostrich, though differing, of course, in some 
details ; and if we take any part whatsoever of the 
tissue, and examine it, we shall find it all has a 
minute structure, visible only under the microscope. 
All these parts constitute microscopic anatomy or 
‘'Histology.^’ These parts are constantly being 
changed ; every part is constantly growing, decay- 
ing, and being replaced during the life of the animal. 
The tissue is constantly replaced by new material ; 
and if you go back to the young state of the tissue 
in the case of muscle, or in the case of skin, or any 
of the organs I have mentioned, you will find that 
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they all come under the same condition. Every 
one of these microscopic filaments and fibres (T 
now speak merely of the general character of tlic 
whole process) — every one of these parts — could 
bo traced down to some modification of a tissue 
which can be readily divided into little particles of 
fleshy matter, of that substance which is composed 
of the chemical elements, carbon, hydrogen, oxyg<tn, 
and nitrogen, having such a shape as tliis (Fig. 2). 
These particles, into whicli all primitive, tisHues 
break up, are called colls. If I were to mak(i a 
section of a piece of the skin of my 
hand, I should find that it was 
made up of these colls. Tf I 
) examine the fibres which form tlie 
various organs of ail living aiiinialH, 
I should find that all of tluun, at 
one time or other, had boon foriiKid 
out of a substance consisting of similar ^^hon<*uis ; 
so that you sec, just as wo reduced the wholes body 
in the gross to that sort of simple expression givftn 
in Fig. 1, so wo may reduce th(\ whole of th<) 
microscopic structural elements to a form of (wen 
greater simplicity ; just as the plan of tho whoht 
body may be so represented in a sense (Fig. 1), so 
the primary structure of every tissuci may he 
represented by a mass of cells (Fig. 2j. 


Having thus, in this sort of goiuinil way, 
sketched to you what I may call, pcjrlmps, the 
architecture of tlie body of the liorse (what we 
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term technically its Morphology), I must now turn 
to another aspect. A horse is not a mere dead 
structure ; it is an active, living, working machine. 
Hithei'to we have, as it were, been looking at a 
steam-engine with the fires out, and nothing in the 
boiler; but the body of the living animal is a 
beautifully-formed active machine, and every part 
has its different work to do in the working of that 
machine, which is what we call its life. The 
horse, if you see him after his day’s work is done, 
is cropping the grass in the fields, as it may be, or 
munching the oats in his stable. What is he 
doing ? His jaws are working as a mill — and a 
very complex mill too — grinding the corn, or 
crushing the grass to a pulp. As soon as that 
operation has taken place, the food is passed down 
to the stomach, and there it is mixed with the 
chemical fluid called the gastric juice, a substance 
which has the peculiar property of making soluble 
and dissolving out the nutritious matter in the 
grass, and leaving behind those parts which are 
not nutritious ; so that you have, first, the mill, 
then a sort of chemical digester ; and then the 
food, thus partially dissolved, is carried back 
by the muscular contractions of the intestines into 
the hinder parts of the body, while the soluble 
portions are taken up into the blood, Tho blood 
is contained in a vast system of pipes, spreading 
through the whole body, connected with a force- 
pump,— the heart,— which, by its position and by 
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the contractions of its valves, keeps the blood 
constantly circulating in one direction, never 
allowing it to rest ; and then, by means of this 
circulation of the blood, laden as it is with the 
products of digestion, the skin, the flesh, the hair, 
and every other part of the body, draws from it 
that which it wants, and every one of tliose organs 
derives those materials which are nec(‘ssary to 
enable it to do its work. 

The action of each of tlieso organs, tlu*! p(T* 
formancG of each of these various duties, involves 
in their operation a continual absorption of the 
matters necessary for their support, frdni the 
blood, and a constant formation of waste pro(hi(‘,ts* 
which are returned to the blood, and conv(*yed by 
it to the lungs and the kidneys, whicdi an‘ organs 
that have allotted to theiuih(‘ ofilc(‘ of extracting, 
separating, and getting rid of tlies('i waste pruduf^is ; 
and thus the general nourishment, labour, an<l 
repair of the whole machine k(‘pt up with onh*r 
and regularity. But not only is it a mafdiitnt 
which feeds and appropriates to its own support 
the nourishment necessary to its oxistoinui- it is 
an engine for locomotm^ pnrposc^s. 11ie. horse 
desires to go from one place to another ; a.n<I to 
enable it to do this, it has those strong (Contractile 
bundles of muscles attached to th(i botucs of its 
limbs, which arc put in motion by nucans ttf a 
of telegraphic apparatus formed by tin* brain and 
the great spinal cord running through the spine or 
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backbone; and to this spinal cord are attached a 
number of fibres termed nerves, which proceed to 
all parts of the structure. By means of these the 
eyes, nose, tongue, and skin— all the organs of per- 
ception — -transmit impressions or sensations to the 
brain, which acts as a sort of great central tele- 
graph-office, receiving impressions and sending 
messages to all parts of the body, and putting in 
motion the muscles necessary to accomplish any 
movement that maybe desired. So that you have 
here an extremely complex and beautifully-pro- 
portioned machine, with all its parts ViTorking 
harmoniously together towards one common 
object — the preservation of the life of the 
animal. 

Now, note this : the horse makes up its waste 
by feeding, and its food is grass or oats, or perhaps 
other vegetable products ; therefore, in the long 
run, the source of all this complex machinery lies in 
the vegetable kingdom. But where does the grass, 
or the oat, or any other plant, obtain this nourish- 
ing food-producing material ? At first it is a little 
seed, which soon begins to draw into itself from 
the earth and the surrounding air matters which 
in themselves contain no vital properties what- 
ever; it absorbs into its own substance water, 
an inorganic body ; it draws into its substance 
carbonic acid, an inorganic matter ; and ammonia, 
another inorganic matter, found in the air; and 
then, by some wonderful chemical process, the 
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details of which chemists do uot yet understand, 
though they are near foreshadowing them, it 
combines them into one substance, which is known 
to us as “ Protein,” a complex compound of carbon, 
hydrogen, oxygen, and nitrogen, which alone pos- 
sesses the property of manifesting vitality and of 
permanently supporting animal life. So that, you 
see, the waste products of the animal economy, 
the effete materials which are continually being 
thrown off by all living beings, in the form of 
organic matters, are constantly replaced by sup- 
plies of the necessary repairing and rebuilding 
materials drawn from the plants, which in their 
turn manufacture them, so to speak, by a 
mysterious combination of those same inorganic 
materials. 

Let us trace out the history of the horse in 
another direction. After a certain time, as the 
result of sickness or disease, the effect of accident, 
or the consequence of old age, sooner or later, the 
dies. The multitudinous operations of 
this beautiful mechanism flag in their perfonn- 
ance, the horse loses its vigour, and after passing 
through the curious series of changes comprised 
in its formation and preservation, it finally decays, 
and ends its life by going back into that inorganic 
■world from which all but an inappreciable fraction 
of its substance was derived. Its bones become 
mere carbonate and phosphate of lime ; the matter 
of its flesh, and of its other parts, becomes, in the 
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long run, conTerted into carbonic acid, into water, 
and into ammonia. You will now, perhaps, under- 
stand the curious relation of the animal with the 
plant, of the organic with the inorganic world, 
which is shown in this diagram, 

Inorgranic World 


CARBONIC ACID. WATER. AMMONIA. SALINES. 



The plant gathers these inorganic materials 
togetlicr and makes them up into its own 
substance. The animal eats the plant and appro- 
priates the nutritions portions to its own susten- 
ance, rejects and gets rid of the useless matters; 
and, finally, the animal itself dies, and its whole 
body is decomposed and returned into the inorganic 
world. There is thus a constant circulation from 
one to the other, a continual formation of organic 
life from inorganic matters, and as constant 
a return of the matter of living bodies to the 
inorganic world; so that the materials of which 
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our bodies are composed arc largely, in all 
probability, the substances which constitutiMl the 
matter of long extinct creations, l>nt whi<*h have 
in the interval constituted a part of the iut>rgai)iic 
world. 

Thus we come to the conclusion, strange at first 
sight, that the Matter constituting the living 
world is identical with that whicli fenns tin*, 
inorganic world. And not less t.nie is ii that, 
remarkable fis arc the ])OwerH or, in other words, 
as arc the Foiioes which arc oxe.rtcid by living 
beings, yet all these forces are eitluu' identical 
with those which exist in the inorganic world, or 
they arc convertible into thorn ; f nuian in just the 
same sense as the researches of ])hys^^^n,I pln'lo- 
sophers have shown that ln‘at is (Convertible into 
cloctricity, that electricity is convttrtilb? inh^ 
magnetism, magnetism into m(*chn.ni<‘al or 
chemical force, and any one of thc‘m wii-h tin* 
other, each Ixiing measurable in t(‘rmH of tin* (dlnT, 
— ev(n) so, I say, that gn^ai law is a|)pli(‘able t<* 
the living world. Oonsidcjr why is tlit^ skeleton <d’ 
this horse capable of supporting tlu» masst's of 
flesh and the various organs forming ih<*. living 
body, unless it is because of tin.* action of tin* sann* 
forces of cohesion which comldinTS tog(‘tln*r tin* 
particles of matter composing this pi(‘(je of <baik 
What is there in thti muscular contnic.tih* ]»(?wer 
of the animal but tluj force which is (‘Xprensibh*, 
and which is in a certain sense couvertibhf, into 
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the force of gravity which it overcomes ? Or, if 
you go to more hidden processes, in what does the 
process of digestion diflfer from those processes 
which are earned on in the laboratory of the 
chemist ? Even if we take the most recondite 
and most complex operations of animal life — ^those 
of the nervous system, these of late years have 
been shown to be — I do not say identical in any 
sense with the electrical processes — but this has 
been shown, that they are in some way or other 
associated with them ; that is to say, that every 
amount of nervous action is accompanied by a 
certain amount of electrical disturbance in the 
particles of the nerves in which that nervous 
action is carried on. In this way the nervous 
action is related to electricity in the same way 
that heat is related to electricity ; and the same 
sort of argument which demonstrates the two latter 
to be related to one another shows that the nervous 
forces are correlated to electricity ; for the experi- 
ments of M. Dubois Reymond and others have 
shown that whenever a nerve is in a state of 
excitement, sending a message to the muscles or 
convoying an impression to the brain, there is a 
disturbance of the electrical condition of that 
nerve which does not exist at other times ; and 
there are a number of other facts and phenomena 
of that sort ; so that we come to the broad con- 
clusion that not only as to living matter itself, but 
as to the forces that matter exerts, there is a close 
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relationship between the organic and the inorganic 
world — ^the difference between them arising from 
the diverse combination and disposition of identical 
forces, and not from any primary diversity, so far 
as we can see. 

I said just now that the horse eventually died 
and became converted into the same inorganic 
substances from whence all but an inappreciable 
fraction of its substance demonstrably originated, 
so that the actual wanderings of matter are as 
remarkable as the transmigrations of the soul 
fabled by Indian tradition. But before death has 
occurred, in the one sex or the other, and in fact 
in both, certain products or parts of the organism 
have been set free, certain parts of the organisms 
of the two sexes have come into contact with one 
another, and from that conjunction, from that 
union which then takes place, there results tlio 
formation of a new being. At stated times the 
mare, from a particular part of the interior of her 
body, called the ovary, gets rid of a minute 
particle of matter comparable in all essential 
respects with that which we called a cell a little 
while since, which cell contains a kind of nucleus 
in its centre, surrounded by a clear space and by a 
viscid mass of protein substance (Fig. 2) ; and 
though it is different in appearance from the eggs 
which we are mostly acquainted with, it is really 
an egg. After a time this minute particle of 
matter, which may only he a small fraction of a 
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grain in weight, undergoes a series of changes, — 
wonderful, complex changes. Finally, upon its 
surface there is fashioned a little elevation, which 
afterwards becomes divided and marked by a 
groove. The lateral boundaries of the groove 
extend upwards and downwards, and at length 
give rise to a double tube. In the upper and 
smaller tube the spinal marrow and brain are 
fashioned ; in the lower, the alimentary canal and 
heart ; and at length two pairs of buds shoot out at 
the sides of the body, and they are the rudiments 
of the limbs. In fact a true drawing of a section 
of the embryo in this state would in all essential 
respects resemble that diagi'am of a horse reduced 
to its simplest expression, which I first placed 
before you (Fig. 1). 

Slowly and gradually these changes take place. 
The whole of the body, at first, can be broken up 
into “cells,” which become in one place meta- 
morphosed into muscle, — in another place into 
gristle and bone, — in another place into fibrous 
tissue, — and in another into hair ; every part 
becoming gradually and slowly fashioned, as if 
there were an artificer at work in each of these 
(jomplox structures that I have mentioned. This 
embryo, as it is called, then passes into other con- 
ditions, I should tell you that there is a time when 
the embryos of neither dog, nor horse, nor porpoise, 
nor monkey, nor man, can be distinguished by any 
(isseutiai feature one from the other; there is a 
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time when they each and all of them resemble 
this one of the dog. But as development 
advances, all the parts acquire their speciality, 
till at length you have the embryo converted into 
the form of the parent from which it started. So 
that you see, this living animal, this horse, begins 
its existence as a minute particle of nitrogenous 
matter, which, being supplied with nutriment 
(derived, as I have shown, from the inorganic 
world), grows up according to the special type and 
construction of its parents, works and undergoes a 
constant waste, and that waste is made good by 
nutriment derived from the inorganic world ; the 
waste given off in this way being directly added 
to the inorganic world. Eventually the animal 
itself dies, and, by the process of decomposition, 
its whole body is returned to those conditions 
of inorganic matter in which its substance 
originated. 

This, then, is that which is true of every living 
form, from the lowest plant to the highest aaiinial 
— to man himself. You might define the life of 
every one in exactly the same terms as those 
which I have now used ; the difference betwcicn 
the highest and the lowest being simply in the 
complexity of the developmental changes, the 
variety of the structural forms, and the diversity 
of the physiological functions which are exerted 
by each. 

If I were to take an oak tree, as a specimen of 
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the ])lant world, I should find that it originated in 
an acorn, wdiich, too, commenced in a cell ; the 
acorn is placcid in the ground, and it very speedily 
begins to absorb the inorganic matters I have 
named, adds enormously to its bulk, and we can 
sec it, year after year, extending itself upward 
(ukI downward, attracting and appropriating to 
itself inorganic materials, which it vivifies, and 
evtmtually, as it ripens, gives off its own proper 
acorns, which again run the same course. But I 
need not multiply examples, — from the highest to 
the lowest the essential features of life are the 
same as I liave dosorib(id in each of those cases. 

8<) much, then, for these particular features of 
the organic world, whicli you can understand and 
<?oinpr(}hend, so long as you confine yourself to one 
sort of living being, and study that only. 

Bub, as you know, horses arc not the only living 
c.rcjaturc^s in the world ; and again, horses, like all 
oriuT animals, have certain limits — are confined 
to a c(,‘rfcaiu area on the surface of the earth on 
which we live, — and, as that is the simpler matter, 
1 may take that first. In its wild state, and before 
the discovery of America, when the natural state 
of things was interfered with by the Spaniards, the 
horse was only to be found in parts of the earth 
which are known to geographers as the Old 
World ; that is to say, you might meet with 
horH(*.s in Kut:oi>e, Asia, or Africa ; but there were 
xion(‘. in Australia, and there were none whatsoever 
von. n ^ 
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in tlie whole continent of America, from Labrador 
down to Cape Horn. This is an empirical fact, and 
it is what is called, stated in the way I have 
given it you, the Geographical Distribution '' of 
the horse. 

Why horses should be found in Europe, Asia, 
and Africa, and not in America, is not obvious ; 
the explanation that the conditions of life in 
America are unfavourable to their existence, and 
that, therefore, they had not been created tlicre, 
evidently does not apply ; for when the invading 
Spaniards, or our own yeomen farmers, conveyed 
horses to these countries for their own use, they 
were found to thrive well and multiply very 
rapidly; and many are even now running wild in 
those countries, and in a perfectly natural condition. 
Now, suppose we were to do for every animal 
what we have here done for the horse, — that is, 
to mark off and distinguish the particular district 
or region to which each belonged ; and sujiposing 
we tabulated all those results, that would be 
called the Geographical Distribution of animals, 
while a cori'esponding study of plants would yield 
as a result the Geographical Distribution of 
plants. 

I pass on from that now, as I merely wished to 
explain to you what I meant by the use of tho 
term '"Geographical Distribution.'' As 1 said, 
there is another aspect, and a niucli more im- 
portant one, and that is, the relations of the various 
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animals to one another. The horse is a very well- 
defined matter-of-fact sort of animal, and we are 
all pretty familiar with its structure. I dare say 
it may have struck you, that it resembles very 
much no other member of the animal kingdom, 
except perhaps the zebra or the ass. But let me 
ask you to look along these diagrams. Here is 
the skeleton of the horse, and here the skeleton 
of the dog. You will notice that we have in the 
horse a skull, a backbone and ribs, shoulder-blades 
and haunch-bones. In the fore-limb, one upper 
arm-bone, two fore arm-bones, wrist-bones (wrongly 
called knee), and middle hand-bones, ending in 
the throe bones of a finger, the last of which is 
sheathed in the homy hoof of the fore-foot : in the 
liiud-Iimb, one thigh-bone, two log-bones, ankle- 
bones, and middle foot-bones, ending in the three 
bones of a toe, tlxc last of which is encased in the 
hoof of ilio hind-foot. Now turn to tlie dog’s 
skeleton. We find identically the same bones, but 
more of tlicni, tljoro being more toes in each foot, 
and hence more toc-bones. 

Well, that is a very curious thing ! The fact is 
that the dog and the horse — when one gets a 
look at them without the outward impediments of 
the skin — are found to bo made in very much the 
same sort of fashion. And if I wore to make a 
transverse section of the dog, I should find the 
same organs that I have already shown you as 
formirig parts of the horse. Well, here is another 
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skeleton— that of a kind of lemur — you see he 
has just the same bones ; and if I were to make a 
transverse section of it, it would be just the same 
again. In your mind's eye turn him round, so as 
to put his backbone in a position inclined obliquely 
upwards and forwards, just as in the next three 
diagrams, which represent the skeletons of an 
orang, a chimpanzee, and a gorilla, and you find 
you have no trouble in identifying the bones 
throughout ; and lastly turn to the end of the 
series, the diagram representing a man's skeleton, 
and still you find no great structural feature 
essentially altered. There are the same bones in 
the same relations. From the horse wc pass on 
and on, with gradual steps until wc arrive at last 
at the highest known forms. On tlic other han<l, 
take the otlior lino of diagrams, and pass from the 
horse downwards in the scale to this fish; ?ui<l 
still, though the modifications are vastly gn^ahir, 
the essential framework of tluj organ isat.ion 
remains unchanged. Here, for instarujc^ is a 
porpoise: here is its strong hackboiui, with tln^ 
cavity running through it, whicli contains the 
spinal cord; here are the ribs, hero the shoulder- 
blade ; here is the little short upper-arm bon<i, 
here are the two forearm bones, the wrist-bone, 
and the finger-bones. 

Strange, is it not, that the porj)ois<» should havt» 
in this queer-looking affair — its llapiujr (as it is 
called), the same fundamental clcnumts as the 
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forc-leg of tlie liorso or tlie dog, or tlic ape or 
man ; and liere you will uoiicc a very curious 
thing, — the hinder limbs are absent. Now, let 
us make another jump. Let us go to the codfish : 
here you see is the forearm, in this large pectoral fin 
— carrying your mind’s eye onward from the flapper 
of the porpoise. And here you have the hinder 
limbs restored in the shape of these ventral fins. 
If I were to make a transverse section of this, I 
should find just the same organs that we have 
before noticed. So that, you see, there comes out 
this strange conclusion as the result of our 
investigations, that the horse, when examined 
and compare<l witli other animals, is found by no 
nn«uis to stand alone in Nature ; but that there 
arc an enormous nuinher of otlior creatures which 
have backbones, ribs, and legs, and other parts 
aiTang(id in the same general manner, and in 
all their formation (exhibiting iha sanui broad 
p(^culiarities. 

I am sure that you (taunot have followed mo 
even in iliis extrcnudy elmncniary exposition of 
th(^ sinuttuval relations of animals, without seeing 
what I have bcjeu driving at all through, which is, 
to show you that, st<ip by naturalists have 
come to tlui id<«i of a unity of plan, or conformity 
of constrm^tion, among animals which appeared at 
first sight to b(i t^xtnumdy dissinnlar. 

And here you hav(5 (*videnco of su(di a unity of 
plan among all tlu^ animals whi<ih have backbones, 
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and which. We technically call Vertehrata. But 
there are multitudes of other animals, such as 
crabs, lobsters, spiders, and so on, which we term 
Anmdosa, In these I could not point out to you the 
parts that correspond with those of the horse, — 
the backbone, for instance, — as they are constructed 
Upon a very different principle, which is also 
common to all of them ; that is to say, the lobster, 
the spider, and the centipede, have a common 
plan running through their whole arrangement, 
in just the same way that the horse, the dog, 
and the porpoise assimilate to each other. 

Yet other creatures — whelks, cuttlefishes, 
oysters, snails, and all their tribe {Mollmca ) — 
resemble one another in the same way, but differ 
from both Vertehrata and Anoiulosa ; and the lik(^ 
is true of the animals called Oieknteouta (Polyjms) 
and Protozoa (animalcules and sponges). 

Now, by pursuing this sort of comparison, 
naturalists have arrived at the conviction that 
there are, — some think five, and some scvcui, — but 
certainly not more than the latter numbeu* — and 
perhaps it is simpler to assume five — distinct plans 
or constructions in the whole of the animal world ; 
and that the hundreds of thousands of sp('cit^8 
of creatures on the surface of the earth, are all 
reducible to those five, or, at most, stwim, plans of 
org<anisation. 

But can we go no further than that? Wlum 
one has got so far, one is tempted to go on a step 
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and inquire whether we cannot go back yet 
further and bring down the whole to modifications 
of one primordial unit. The anatomist cannot do 
this ; but if he call to his aid the study of develop- 
ment, he can do it. For we shall find that, dis- 
tinct as those plans are, whether it be a porpoise 
or man, or lobster, or any of those other kinds I . 
have mentioned, every one begins its existence 
with one and the same primitive form, — that of 
the egg, consisting, as we have seen, of a nitro- 
genous substance, having a small particle or nucleus 
in the centre of it. Furthermore, the earlier 
changes of each are substantially the same. And 
it is in this that lies that true " unity of organi- 
sation ’’ of the animal kingdom which has been 
guessed at and fancied for many years ; but which 
it has boon left to the pi'esent time to be demon- 
strated by the carciful study of development. But 
is it possible to go another step further still, and 
to show that in the same way the whole of the 
organic world is reducible to one primitive con- 
dition of form? Is there among the plants the 
same primitive form of organisation, and is that 
identical with that of the animal kingdom ? The 
rej)ly to that question, too, is not uncertain or 
doubtful. It is now proved that every plant 
begins its existence under the same form ; that is 
to say, in that of a coll — a particle of nitrogenous 
matter having substantially the same conditions. 
So that if you trace back the oak to its first 



328 


THE CAUSES OF THE 


XI 


germ, or a man, or a horse, or lobster, or oyster, or 
any other animal you choose to name, you shall find 
each and all of these commencing their existence 
in forms essentially similar to each other; and, 
furthermore, that the first processes of growth, 
and many of the subsequent modifications, are 
essentially the same in principle in almost alL 
In conclusion, let me, in a few words, recapitu- 
late the positions which I have laid down. And 
you must understand that I have not been 
talking mere theory; I have been speaking of 
matters which are as plainly demonstrable as the 
commonest propositions of Euclid — of facts that 
must form the basis of all speculations and beliefs 
in Biological science. We have gradually traced 
down all organic forms, or, in other words, we have 
analysed the present condition of animated nai-unt, 
until we found that each species took its origin in 
a fonn similar to that under which all the others 
commenced their existence. We have found tln^ 
whole of the vast array of living forms with whitth 
we are surrounded, constantly growing, incrt^asiiig, 
decaying and disappearing; the animal constantly 
attracting, modifying, and applying to its sustim- 
ance the matter of the vegetable kingdom, which 
derived its support from the absorption and con- 
version of inorganic matter. And so constant and 
universal is this absorption, waste, and repro- 
duction, that it may be said with perf<*ct cerUu'uty 
that there is left in no one of our bodies at the 
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present moment a millionth part of the matter of 
which they wore originally formed! We have 
seen, again, that not only is the living matter 
derived from the inorganic world, hut that the 
forces of that matter are all of them correlative 
with and convertible into those of inorganic 
nature. 

This, for our present purposes, is the best view 
of the present condition of organic nature which I 
can lay before you : it gives you the great outlines 
of a vast picture, which you must fill up by your 
own study. 

In the next lecture I shall endeavour in the 
same way to go back into the past, and to sketch 
in the same broad manner the history of life in 
epoclis preceding our own. 
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In tli(^ l(‘(*turc which 1 <l<‘liwrc(l last Mmala-y 
evening, I endeavoured to skeitdi in a viuy hritd 
manner, btit as well as th(^ time at. my disposal 
would pcTinii, fclu^ ]>r(‘S(uit eomlition of organ!*' 
nature, meaning by that larg<^ tifh) simply an 
indication of tin*, gr<^a.t, broa<l, a, ml gen<*raJ 
principhs which aix^ to Iw* discovi'red by those 
who look attentively at the plH‘nomena of (jiganie 
nature as at pr(iS(‘nt diHp]ay<sl. The gtnn‘ra.1 
result of our investigations might b<‘ Humimsl up 
thus : wo found that tlui nmltlplieity of tlui forms 
of animal life, gnjat as that may be, may be 
re,duc(id to a comparativtily f(!W primitive plans oi 
typos of construction ; that a furth<*r study of th(‘ 
development of those dillereiit forms r(‘Vt\*ih‘<l to 
us that they weni again nulucihh*, imtll we at 
last brought the infinite div(trsify of animal, and 
even vegetahh^ life, down to tin* prirmu'dial form 
of a single cell. 
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We found that our analysis of the organic 
world, whether animals or plants, showed, in the 
long run, that they might both be reduced into, 
and were, in fact, composed of, the same con- 
stituents. And we saw that the plant obtained 
the materials constituting its substance by a 
peculiar combination of matters belonging entirely 
to the inorganic world ; that, then, the animal was 
constantly appropriating the nitrogenous matters 
of the plant to its own nourishment, and returning 
them back to the inorganic world, in what we 
spoke of as its waste ; and that finally, when the 
animal ceased to exist, the constituents of its body 
wore dissolved and transmitted to that inorganic 
world whence they had been at first abstracted. 
Thus we saw in both the blade of grass and the 
horse but the same elements differently combined 
and arranged. We discovered a continual circula- 
tion going on, — ^the plant drawing in the elements 
of inorganic nature and combining them into food 
for the animal creation; the animal borrowing 
from the plant the matter for its own support, 
giving off during its life products whicli returned 
immcidiately to tlxe inorganic world; and that, 
cwontually, the constituent materials of the whole 
structure of both animals and plants were thus 
returned to their original source : there was a 
constant passage from one state of existence to 
another, and a returning back again. 

Lastly, when we endeavoured to form some 
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notion of the nature of the forces exercised by 
living beings, we discovered that they — if not 
capable of being subjected to the same minute 
analysis as the constituents of those beings them- 
selves — that they were coiTelative with — that they 
were the equivalents of the forces of inorganic 
nature — that they were, in the sense in which the 
term is now used, convertible with them. That was 
our general result. 

And now, leaving the Present, I must endeavour 
in the same manner to put before you the facts 
that are to be discovered in the Past history of 
the living world, in the past conditions of organic 
nature. We have, to-night, to deal with the facts 
of that history — a history involving periods of 
time before which our mere human records sink 
into utter insignificance — a history the variety and 
physical magnitude of whose events cannot (iveu 
be foreshadowed by the history of human life and 
human phenomena — a history of the most varied 
and complex character. 

Wo must deal with the history, then, in tlie 
first place, as we should deal with all otluir 
histories. The historical student knows that his 
first business should be to imiuire into the validity 
of his evidence, and the nature of tlie record in 
which the evidence is contained, that he may bo 
able to form a proper estimate of the corrcctneHs 
of the conclusions which have been drawn from 
that evidence. So, here, we must pass, in the first 
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place, to the consideration of a matter which may 
seem foreign to the question under discussion. 
We must dwell upon the nature of the records, 
and the credibility of the evidence they contain ; 
we must look to the completeness or incomplete- 
ness of those records themselves, before we turn to 
that which they contain and reveal. The question 
of tJic credibility of the history, happily for us, 
will not re<iuire much consideration, for, in this 
history, unlike those of human origin, there can 
he no cavilling, no differences as to tlic reality and 
truth <»f the facts of which it is made up; the 
facts state ih(‘insolves, and are laid out clearly 
befoni us. 

But, aliliough one of the greatest difficulties of 
th<^ historical student is cleared out of our path, 
there arc other difficulties — difficulties in rightly 
interpreting the facts as they arc presented to us 
— whic^h may 1)C3 compared with the greatest 
diffi<^ulties of any other kinds of historical study. 

What, is this n*ciord of the past history of the 
giolx*, an<l what are the questions which arc 
iuvolvi'd in an iiKpiiry into its completeness or 
incoruploteness ? That record is composed of 
mud; and the <iu<3stion which we have to investi- 
gate this evening resolves itself into a question of 
the formation of mud You may think, perhaps, 
that this is a vast st(q)— of almost from the 
sublime to the ridunilous-- from the contemplation 
of the history of the past ages of the worldts 
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existence to the consideration of the history of the 
formation of mud 1 But, in Nature, there is 
nothing mean and unworthy of attention ; there is 
nothing ridiculous or contemptible in any of her 
works ; and this inquiry, you will soon see, I hope, 
takes us to the very root and foundations of our 
subject. 

How, then, is mud formed ? Always, with 
some trifling exceptions, which I need not consider 
now — always, as the result of the action of water, 
wearing down and disintegrating the surface of 
the earth and rocks with which it comes in 
contact — pounding and grinding it down, and 
carrying the particles away to places where they 
cease to be disturbed by this mechanical netion, 
and whore they can subside and rest. For the 
ocean, urged by winds, washes, as we know, a long 
extent of coast, and every wave, loaded as it. is 
with particles of sand and gravel as it breaks 
upon tho shore, does something towards the dis- 
integrating process. And tlius, slowly but sundy, 
the hardest rocks arc gradually ground down to a 
powdery substance; and the mud tlms formc<l, 
coarser or finer’ as the case may bo, is carried by 
the rush of the tides, or currents, till it reaches 
tho comparatively deeper parts of the ocean, in 
which it can sink to tho bottom, that is, to parts 
where there is a depth of about fourteen or lifhjen 
fathoms, a depth at which tho water is, usually, 
nearly motionless, and in which, of course, the 
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finer particles of tliis detritus, or mud as we call 
it, sinks to the bottom. 

Or, again, if you take a river, rushing down 
from its mountain sources, brawling over the 
stones and rocks that intersect its path, loosening, 
rcuK^ving, and carrying with it in its downward 
course the pebbles and lighter matters from its 
banks, it crushes and pounds down the rocks and 
earths in precisely the same way as the wearing 
action of the sea waves. The matters forming the 
deposit are torn from the mountain-side and 
whirled impetuously into the valley, more slowly 
over the plain, thence into the estuary, and from 
the estuary they arc swept into the sea. The 
coarser and heavier fragments are obviously 
dc])Osited first, tliat is, as soon as the current 
begins to lose its force by becoming amalgamated 
with th(3 stiller depths of the ocean, but the finer 
and lighter particles arc carried further on, and 
eveiii^mdly (le])Ositodiu a deeper and stiller portion 
of t)i(i o(;ean. 

It cloiu'ly follows from this that mud gives us a 
chronology ; for it is evident that supposing this, 
which I now sketch, to bo the sea bottom, and 
supposing tliis to bo a coast-lino ; from the wash- 
ing action of the sea upon the rock, wearing and 
grinding it down into a sediment of mud, the mud 
will b(i carried down, and, at length, deposited in 
the dticper parts of this sea bottom, where it will 
form a layer ; atid then, while that first layer is. 
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hardening, other mud which iwS coming from the 
same source will, of course, he carried to the same 
place ; and, as it is quite impossible for it to get 
beneath the layer already there, it deposits itself 
above it, and forms another layer, and in that 
way you gradually have layers of mud constantly 
foriiiing and hardening one above the other, and 
conveying a record of time. 

It is a necessary result of the operation of tlui 
law of gravitation that the uppermost layer sliall 
bo the youngest and the lowest the oldest, and 
that the different beds shall bo older at any 
particular point or spot inexactly the ratio of tlunr 
depth from the surface. So that if they wore 
uphoaved afterwai’ds, and you had a seruis of 
those different layers of nnid, conve^rtod into saud- 
stono, or limestone, as tlic case might he, you 
might bo sure that the bottom layer was deposited 
first, and that the upper layers were fonm^d after- 
wards. Here, you see, is the first step in th<^ history 
— those layers of mud give us an idt‘a of time. 

The whole surface of the earth, — I s]>eak 
broadly, and leave out minor qualifications,- --is 
made up of such layers of mud, so haul, tlu) 
majority of them, that we call them rock wliother 
limestone or sandstone, or other varieties of rock. 
And, seeing that 'every part of tlie crust of the 
earth is made up in this way, you might think 
that the determination of the chronology, the 
fixing of the time which it has taken to form tliis 
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crust is a comparatively simple matter. Take a 
broad average, ascertain how fast the mud is 
deposited upon the bottom of the sea, or in the 
estuary of rivers ; take it to be an inch, or two, or 
three inches a year, or whatever you may roughly 
estimate it at ; then take the total thickness of 
the whole series of stratified rocks, which geolo- 
gists estimate at twelve or thirteen miles, or about 
seventy thousand feet, make a sum in short 
divisi(jn, divide the total thickness by that of the 
(juaiitity deposited in one year, and the result will, 
of course, give you the number of years which the 
crust has taken to form. 

Truly, that looks a very simple process ! It 
would bo so except for certain difficulties, the very 
first of which is that of finding how rapidly 
scjdimentiS are deposited ; but the main difficulty 
— a difficulty which renders any certain calcula- 
tions of such a matter out of the question — is 
this, the sea-bottom on which the deposit takes 
pfiu^e is continually shifting. 

Instead of the surface of the earth being that 
stable, fixed thing that it is popularly believed to 
bo, being, in common parlance, the very emblem 
of fixity itself, it is incessantly moving, and is, 
in fact, as unstable as the surface of the sea, 
oxcespt that its undulations are infinitely slower 
and cmormously higher and deeper. 

Now, what is the effect of this oscillation? 
Take the case to which I have previously 
YOU n z 
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referred. The finer or coarser sediments that 
are carried down by the current of the river, 
will only be carried out a certain distance, and 
eventually, as we have already seen, on reaching 
the stiller part of the ocean, will be deposited at 
the bottom. 

Let C y (Fig. 4) be the sea-bottom, y D the 
shore, x y the sea-levcl, then the coarser deposit 
will subside over the region B, the finer over A, 
while beyond A there will be no deposit at all • 



and, consequently, no record will be kept, simply 
because no deposit is going on. Now, su]q)oso 
that the whole land, 0, D, which we liave regardtjd 
as stationary, goes down, as it does so, Ix^th A and 
B go further out from the shore, which will be at 
yh being the new sea-level. The con- 
sequence will be that the layer of mud (A), being 
now, for the most part, further than tlie force of 
the current is strong enough to convey even the 
finest ddhifiy will, of course, receive no more 
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deposits, and having attained a certain thickness 
will now grow no thicker. 

We should be xnMed in taking the thickness of 
that layer, whenever it may be exposed to our 
view, as a record of time in the manner in which 
we are now regarding this subject, as it would 
give us only an imperfect and partial record: 
it would scorn to represent too short a period of 
time. 

Suppose, on the other hand, that the land (C D) 
had gone on rising slowly and gradually — say an 
inch or two inches in the course of a century, — 
what would be the practical effect of that move- 
ment ? Why, that the sediment A and B which 
has been already deposited, would eventually be 
brought nearer to the shore-level and again sub- 
jected to the wear and tear of the sea ; and directly 
the sea begins to act upon it, it would of course 
soon cut up and carry it way, to a greater or less 
extent, to be re-deposited further out. 

Well, as there is, in all probability, not one single 
Hp<»t on the wliole surface of the earth, which has 
not been up and down in this way a groat many 
tim(JS, it follows that the thickness of the deposits 
formed at any particular spot cannot be taken 
((Won supposing we had at first obtained correct 
da.ta as to th<^ rate at which they took place), as 
affording reliable information as to the period of 
tiuuj occupied in its deposit. So that you see it is 
absolnt(^ly necessary from those facts, seeing that 

z % 
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our record entirely consists of accumulations of 
mud, superimposed one on the other ; seeing in 
the next place that any particular spots on which 
accumulations have occurred, have been constantly 
moving up and down, and sometimes out of the 
reach of a deposit, and at other times its own 
deposit broken up and carried away, it follows that 
our record must be in the highest degree imper- 
fect, and we have hardly a trace left of thick 
deposits, or any definite knowledge of the area 
that they occupied, in a great many cases. And 
mark this I That supposing even that the whole 
surface of the earth had been accessible to the 
geologist, — that man had had access to every part 
of the earth, and had made sections of the whole, 
and put them all together, — even then his record 
must of necessity be imperfect. 

But to how much has man really access ? If 
you will look at this map you will see that it 
represents the proportion of tlie sea to the earth : 
this coloured part indicates all the dry land, and 
this other portion is the water. You will notice 
at once that the water covers tlireo-fifths of the 
whole surface of the globe, and has cov(U'(.h1 it in 
the same manner ever since man has kc^pt any 
record of his own observations, to say nothing of 
the minute period during wliich lie lias cultivatcul 
geological inquiry. So that three-fifths of the 
surface of the earth is shut out from us because 
it is under the sea. Let us look at the other 
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two-fifths, and see what are the countries in 
which anytliing that may he termed searching 
geological inquiry has been carried out : a good 
deal of France, Germany, and Great Britain and 
Ireland, bits of Spain, of Italy, and of Russia, have 
been examined, but of the Avhole great mass of 
Africa, except parts of the southern extremity, 
we know next to nothing ; little bits of India, but 
of the greater part of the Asiatic continent 
nothing ; bits of the Northern American States 
and of Canada, but of the greater part of the 
continent of North America, and in still larger 
proportion, of South America, nothing ! 

Under these circumstances, it follows that even 
with reference to that kind of imperfect informa- 
tion which wo can possess, it is only of about the 
ton-thousandth part of the accessible parts of the 
earth that has been examined properly. There- 
fore, it is with justice that the most thoughtful of 
those who are concerned in those inquiries insist 
continually ii])on the imperfection of the geological 
record ; for, I repeat, it is absolutely necessary, 
from ihi) nature of things, that that record should 
h(j of the most fragmentary and imperfect 
(jhanictor. Unfortunately this circumstance has 
been constantly forgotten. Men of science, like 
young (H)lts in a fresh pasture, are apt to be 
(ixliilarated on being turiied into a new field of 
inciuiry, to go off at a hand-gallop, in total 
<lisri‘gard of hedges and ditches, to lose sight of 
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the real limitation of their inquiries, and to 
forgot the extreme imperfection of ‘what is really 
known. Geologists have imagined that they could 
tell us what was going on at all parts of the 
earth's surface during a given epoch ; they have 
talked of this deposit being contemporaneous with 
that deposit, until, from our little local histories of 
the changes at limited spots of the earth's surface, 
they have constructed a universal history of the 
globe as full of wonders and portents as any other 
story of antiquity. 

But what does this attempt to construct a 
universal history of the globe imply ? It implies 
that we shall not only have a precise knowledge of 
the events which have occurred at any particular 
point, but that we shall be able to say what events, 
at any one spot, took place at the same time with 
those at other spots. 

Let us see how far that is in the nature of 
things practicable. Suppose that here I mak(j 
a section of the Lake of Killarney, and hcn'c th(^ 
section of another lake — ^that of Loch Lotnond 
in Scotland for instance. The rivers that How 
into them are constantly carrying down dep{)sits 
of mud, and beds, or strata, arc being as constantly 
formed, one above the other, at the bottom of 
those lakes. Now, there is not a shadow of doubt 
that in these two lakes the lower bods are all 
older than the upper — there is no doubt about 
that ; but what does this tell us about the age of 
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any given bed in Locli Lomond, as compared with 
that of any given bed in the Lake of Killarney ? 
It is, indeed, obvious that if any two sets of 
deposits are separated and discontinuous, there is 
a])solutely no means whatever given you by the 
nature of the deposit of saying whether one is 
much younger or older than the other ; but you 
may say, as many have said and think, that the 
case is very much altered if the beds which we 
are comparing are continuous. Suppose two beds 



of tnud hardened into rock, — A and B— are seen 
in ft<‘(it.ion. (Fig. 5.) 

Wc‘ll, you say, it is admitted that the lowei- 
tiiost bed is always the older. Very well; B, 
therefore, is older than A. No doubt, as a whohi 
it is BO ; or if any ])arts of the two beds which are 
in the same vertical line are compared, it is so. 
But suppose you take what seems a very natural 
step furtlier, and say that the part a of the bed A 
is younger than the part h of the bed B. Is this? 
sound reasoning ? If you find any record of 
cbangtjs taking pUice at did they occur Jjefore 



344 THE CAUSER OF THE xt 

any events which took place wliilt*, a wiis being 
deposited ? It looks all very plain sailing, indec^d, 
to say that they did ; and yet there is no pr<K)f of 
anything of the kind. As the former Din^ctor of 
this Institution, Sir H. Do la Bccho, long ago 
showed, this reasoning may involve an entire 
fallacy. It is extremely possible that a may havt? 
been deposited ages before h. It is very easy to 
understand how that can bo. To return to Fig. 
4; when A and B were deposited, they wc^re 
S'iihstantwlJy contemporaneous ; A b(‘ing simply 
the finer deposit, and B the coarser of the sanu) 
detritus or waste of land. Now suppos<i that 
that sea-bottoui goes down (as shown in Fig. 4), 
so that the first deposit is carried no fari.her than 
a, funning the bed Ah and the coarst^ no farther 
than b, forming the b(‘J J>h the resuli will ha tlie 
ibrinati(jii of two cemtinuons 1h‘(1s, oiu* of fine 
sediment (A A^) over-lapping another »d’<‘oar.se 
sediment (B B^). Now suppomi tin* whoht S(‘a- 
bofcfcom is raised \i]), and a secjtion exp<»sMl about 
the point A^; no doubt, (Ms Hpoi^ thti upper 
b(!d is youngctr than the lowt‘r. But \v<i should 
obviously greatly err if we <;on<4nd(‘d tluit i\m 
mass of the upper bod at A was y<amger than tln^ 
lower bed at B ; for wo have just s(‘eu that tlu'y 
are contemporaneous deposits, Still more should 
wo bo in error if wo supposed the upper IhhI at A 
to be younger than the ooutinuation of ilui hm^r 
bod at for A was depoiited long before Bh 
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III fine, if, instead of comparing immediately 
adjacent parts of two beds, one of which lies upon 
another, we compare distant parts, it is quite 
possible that the upper may be any number of 
years older than the under, and the under any 
number of years younger than the upper. 

Now you must not suppose that I put this 
before you for the purpose of raising a paradoxical 
difficulty ; the fact is, that the great mass of 
deposits liave taken place in sea-bottoms which 
are gradually sinking, and have been formed 
under the very conditions I am here supposing. 

Do not run away with the notion that this 
subverts the principle I laid down at first. The 
error lies in extending a principle which is per- 
fectly applicable to deposits in the same vertical 
line to deposits which are not in that relation to 
one another. 

It is in consequence of circumstances of this 
kind, au<l of others that I might mention to you, 
that our conclusions on and interpretations of the 
record are really and strictly only valid so long as 
wti coniine ourselves to one vertical section. I do 
not mean to tell you that there are no qualifying 
circumstances, so that, even in very considerable 
areas, wo may safely speak of conformably super- 
imposed bods being older or younger than others 
at many different points. But we can never be 
i|uite sure in coming to that conclusion, and 
especially we cannot be sure if there is any break 
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ill Uit‘ir coutiaxiiiy, or any vmj gViiat 
lK‘iw(^un the points to Ixj eoinjiariML 

Well now, so much for nxuinl ii.S(‘lh-~so 
much for its iini)erfociioiis, — so iiiU(*h for ili(‘ con- 
ditions to bo observed in interpreting it, and its 
chronological indications, the moment we pass 
beyond the limits of a vortical linear seetion. 

Now let us pass from thenx‘or<l to that it 

contains, — from the book iistdf to tht‘ writing and 
the figures on its jiages. This writing and these 
figures consist of remains of animals and j)lants 
^vhicll, in the groat majority of eases, havt‘ liv(‘d 
and died in the very spot in whieli Wi‘ now find 
tlimn, or at least in the imnuidiah? vicinity. Von 
must all of you bo aware — and 1 refernui to the 
fa(^t in my last lecture — that there are vast 
numbers of creatures living at tin* bottom of the 
s<ia. Those creatur<‘s, like all others, soonor or 
later die, and their shells and hard ]ia.rts lie at 
tlu^ bottom; and tlnm tlnj tine mud which is 
b(hng constantly brought down by nv<*rs and the 
action of the w(*ar and hjar of the Si*a. ctan*r.s 
them over and prote<;ts them from a,ny further 
chaug<i or alteration ; and, of course, as in pn»cess 
of time the mud becom(‘H har(h‘n(*d a,ud soIidirHul, 
the shells of those animals auj jireserved and 
firmly imbedded in the lim(‘stone or sandHtoiie 
which is being thus formed. You may see in the 
galleries of the Museum up stairs specimens of 
limestoneB in which such fossil remains of i^xisting 
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juiiiiiu].'; nn* iuihi'd<hj»l. Tlttnv an* sniiu* spO(mni‘us 
ih whirli turthv/ iiavi* in 

<*al<‘{»n*<Mi.s sainl. ami hoton* tla? sun had hatched 
fht* youii^^ turthss, ilnfy Ix^eaiue covered over with 
t*ah*an‘ous nuid, an<l tlnis have heeii preserv(‘d 
ami fos.silised. 

Not only does this jJi'oceHs of iiuhoddiiig aiKv 
fossilisation <K‘<Mir\vilh marine and other aquatic 
uniniials and plaids, })ut it ailfe(!ts those land 
animals ami plants which are drifted away to sea, 
uv hccoine Imried in hogs or morasses; and the 
animals whicli have been trodilen down hy their 
fellows and crushcil in the mud at iht^ river^s 
Inink, as the herd have come to drink. In any of 
th*\a* caya*;;, the organisms may he crushed or he 
inntilatiMl, hetore or after puirtdacjtiou, in such a 
manner that ptirliaps only a pari will be hdl in 
the form in whi<di it rea<;h(*H us. It is, iiuhnsl, a 
most n*markahle faet,ihai it is (pii to an exceptional 
<'asc to hnd a skoloton <»f any om* of all tlm 
thousands of wild land animals that we know are 
<^onHi ant !y being killed, or «lyiitg in UsM^oursc of 
nature; the> an* proyed on and di*vourc‘d hy 
uihor atiimaln, or die in {daces whcin* their Ixslies 
arc not. afterwards j)n*tecti*d hy mud. Tluiro are 
other animats existing on tlu^ sesi, tin*, shells of 
which form ex(*eedingly large. tlc{>oHits. You are 
pri»hul*ly uwaiv that hi‘f<»n* ilm atUmipi mm nuulo 
to lay the Atlant.ic teh‘grapliic, cabh*, tlu^ Govorn- 
iui*ul emplo^ycd vessels in makutg a senus ot very 
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careful observations and souu<lings of th<.‘ lH>tt,o!n 
of tlie Atlantic; an<l although, as wtj must all 
regret, that up to the present time ihai. project lias 
not succeeded, wti have the satisfaction of knowing 
that it yielded some most remarkable n*sults to 
science. The Atlantic Ocean had to he st>und(*d 
rigid across, to dejdhs of several miles in some 
places, and the nature of its bottom was <‘arefully 
ascertained. Well, now, a s|>ace of about 
miles wide from oast to west, and 1 d(> not t‘xactly 
know how many from north to south, hut. at. any 
rate COO or 700 miles, was can^fuliy examined, and 
it was found that over the whoI(‘. of that immense 
area an excessively line (dialky mml is Inung 
deposited ; and this deposit is entirely made* up of 
animals whos<i hard jiarts an^ ih‘posiled in this 
]>art of the (utean, and are doubt h‘ss gradually 
acquiring solidity and becoming ineiainorphoseil 
into a chalky limeshme. Thus, you sei‘, it is qintt‘ 
possible in this way to presi?rve unmisiakabh? 
records of animal and vegetable lib*. Whenever 
the sea-hottom, hy some of thosi* undulations (d* 
the earth's crust that I have referntd to, lie<u)meH 
up-h(iaved, and sections or borings are madi*, or 
pits are dug, then we become abh* to examine 
the contents and constituents of tluw* auciemt sea- 
hottoms, and find out what manm^r of animals 
lived at that porioiL 

Now it is a v(iry important consideration in its 
bearing on the (jompleteness of the re(for<l, to 
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1m)W fur tho runi.uiiis couUimed in these 
fossiliferous ‘.stones are able to convey cuny- 
ihing like an acenrate or complete account of the 
aniiuJils ■which were in existi*iice at tlui time of its 
fornuition. Upon that point wo can form a very 
cl<*ar jti<l,t,mu‘nt, and oiui in which tlierc is no 
possible ro(nu for any mistake. There are of 
oonive a .threat number animals — such as jelly- 

iislM‘s» and <^tln‘r aniitials — without any hard parts, 
of wiiieh we cannot nuisonably expect to lind any 
tracM'S whatev<‘r : tlu‘re is nothing of them to pre- 
serv(u Within a very .short time, you will have 
notj(*ed, aFt(‘r they arc removed from the water, 
they <lry tip to a mere nothing ; certaiidy th(‘y 
are not of a nature to leave any very visibhj traces 
of their existence on such bodies as chalk or mud, 
Tlum again, look at land animals; it is, as I liavc 
said, a very tnutommon thing to find a land animal 
eutir(» aftt'r death, lusecis and other carnivoroxis 
nnimals v<‘ry spee<lily pull thmu to pieces, putre- 
fa<'ti<»n fak*‘S plae<», a.n<l s<», out of thi‘. hundreds of 
ihousamls that are known to die (wery yi«ir, it is 
th(f rarest thing in the world to se.i^ <mi‘. imbe<ldcd 
in Hu<*h a way that its nunains would be preserved 
for a huigihemsl ptriiML Not only is this the 
easfu but even wlum animal nmuiins have h<i<‘u 
safely imbeihled, (pertain natural agents may wladly 
deHtr<»y and remove them. 

Almost all the haril parts of animals — the 
tsmes and ho m - are composed chiefiy of phosphate 
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of lime juhI oarbouatii of lime. Hoiiie 
I luul to make nii in([uiry into tloi iialnro ofaomo 
very curious fossils soiitt to uio from the North <tt’ 
K<*()ikm(h lA>ssils ur(‘ usually hard bony structures 
that have, become* imlHuldul in the way i liavtMle- 
scribed, and liave graduaJly ac(|uircd thej naiun* ;uid 
st)li<lity of the body wit-h which they an^ asso<daU‘d ; 
but ill this case^ [ had a scrie^s rd /o/Zr.,- in som<* 
|de(*t‘s of rock, and imthino <*tsc. Those holt*s, 
how(‘V<*r, had a c«*rtaiu (hdiuiie sha[)c about tlaua, 
and when I g<d. askilful workman to make castings 
of tin* inbirior of tluisc hol(!S, 1 fouml that tlicy 
were the impressions of th(^ jeunts of a hai'kliom* 
and of the armour of a great reptile, twedveonaoro 
f(‘et long. This gnsat heasi ha«t dies! and got 
buried in the, sand ; the. sand had gradualiy 
hanleiifd over tie* hones, but remained ptU'ons, 
Wal(T had trickled through it, and that water 
btdug prohahly eJiarged with a supeiiluity of 
carbonic acid, had dissolved all the plaMphate and 
(‘arbimatt* of lime, and the bones themselv«*s had 
thus decay<‘d a-ial mdirely disappeared ; but a i 
the sandsbmt* happimed to have (’om;oliduti'» 1 by 
that tinui, the precise, shapf* (d* flat Imuios was 
ntained. If that Handstoiu* had remained i;nft a 
little longer, we, shouhl have known mdhiug what 
so(W(»r of tin* i*xist<‘nee of the reptile wlmse bones 
it had (UUiastal, 

Ibav <i<*rtain it is tliata vast number of animals 
■W'hich havt‘ exist^sl at «uje period ou this earth 
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liMve t ‘lit i roly porishod, avid left no trace whatever 
of tlveir forms, may bo proved to yon by other 
cfivisiderationB. There are large tracts of sand- 
stone in various parts of the world, in which 
nobody Iimh yet found anytliing but footsteps, 
a }>»nje of iiny description, but an enormous 
nuinber ot traces of footsteps. There is no 
question aliout them. There is a wdiole valley in 
(lonnectieui covered with tliese footsteps, and not 
a singhs tragmeut of the animals which made 
them have yet been found. Let me mention 
anotlier ease while upon that matter, which is 
even more surprising tlian those to which I have 
yet referred. There is a livuestoneforiiiation near 
iixford, at a phnx} called Stonesfield, which has 
yielded the reiitaiiis of certain very interesting 
mammalian animals, and up to this time, if I 
recollect rigiitly, there have been foumi seven 
simcirnens of its lower jaws, and not a bit of any- 
thing else, indthtuvliinb4KU^^^^ skull, nor any 
pari whatever; not a fcigment of the whole 
systiun! Of course, it would be iiruposterous to 
iiuagim! tliat the beasts hml notliing cIbo but a 
lower jaw ! The probability is, as Dr, Buckland 
Hhoweii as th(v result of his chserrvath on dead 
dogs ill thi! river Thames, that the lower jaw, not 
lieiog Beciired liy very firm ligaments to the bones' 
of the lieiul, and being a weighty affidr, would 
enaily be knocked ofiV or miglit drop 
iliu body as it floated in water in a state of do- 
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composition. The jaw would thus be deposited 
immediately, while the rest of the body would 
float and drift away altogether, ultimately reaching 
the sea, and perhaps becoming destroyed. The 
jaw becomes covered up and preserved in the river 
silt, and thus it comes that we have such a 
curious circumstance as that of the lower jaws in 
the Stonesfield slates. So that, you see, faulty as 
these layers of stone in the earth's crust are, 
defective as they necessarily are as a record, the 
account of contemporaneous vital phenomena 
presented by them is, by the necessity of the case, 
infinitely more defective and fragmentary. 

It was necessary that I should put all this very 
strongly before you, because, otherwise, you might 
have been led to think differently of tlie com- 
pleteness of our knowledge by th(^ next facts I 
shall state to you. 

The researches of the last threo-rpiartcirs of a 
century have, in truth, revoaliHl a womh^rful 
richness of organic life in those rocks. < )(‘rtainly 
not fewer than thirty or forty thousand diffenmt 
species of fossils have been discovercKl. You have 
no more ground for doubting that these creatures 
really lived and died at or near the places in 
which we find them than you have for lik(3 
scepticism about a shell on the sea-shoro. Tlui 
evidence is as good in the one case as in the other. 

Our next business is to look at the g(UK‘ral 
character of these fossil remains, and it is a subject 
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wliich will be requisite to consider carefully ; and 
the first point for us is to examine how much the 
extinct Mom and Fauna as a whole — disregarding 
altogether the succession of their constituents, of 
which I shall speak afterwards — differ from the 
Flora find Fauna of the present day ; — how far they 
differ in what we do know about them, leaving 
altogether out of consideration speculations based 
upon what we do not know. 

I strongly imagine that if it were not for the 
peculiar appearance that fossilised animals have, 
any of you might readily walk through a 
imiseum which contains fossil remains mixed up 
with those of the present forms of life, and I doubt 
vt*ry muedi whether your uninstructed eyes would 
Iea<l you to see any vast or wonderful difference 
b({tw(5en the two. If you looked closely, you would 
notice, in the first phice, a great many things very 
lik<j animals with which you are acquainted now ; 
you would see differences of shape and proportion, 
but on the whole a close similarity. 

1 i»xplained what I meant by Orders the other 
tiay, wlum I described the animal kingdom as 
b(dng divided into sub-kingdoms, classes and 
orders. If you divide the animal kingdom into 
orders you will find that there are above one 
hundred and twenty* The number may vary on 
one sifle or the other, but this is a fair estimate. 
That is the sum total of the orders of all the 
iinimals whi(th we know now, and which have 

vou. II A A 
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been known in past times, and left remains 
behind. 

Now, how many of those are absolutely extinct ? 
That is to say, how many of these orders of animals 
have lived at a former period of the world's history 
but have at present no representatives ? That is 
the sense in which I meant to use the word 
"'extinct.” I mean that those animals did live 
on this earth at one time, but have left no one 
of their kind with us at the present moment. 
So that estimating the number of extinct animals 
is a sort of way of comparing the past creation as 
a whole with the present as a whole. Among the 
mammalia and birds there are none extinct ; but 
when we come to the reptiles there is a most 
wonderful thing : out of the eight orders, or 
thereabouts, which you can make among reptiles, 
one-half are extinct. These diagrams of the 
plesiosaurus, the ichthyosaurus, the pterodactyle, 
give you a notion of some of these extinct reptiles. 
And here is a cast of the pterodactyle and bones 
of the ichthyosaurus and the plesiosaurus, just as 
fresh-looking as if it had been recently dug up in a 
churchyard. Thus, in the reptile class, there are 
no less than half of the orders which are absolutely 
extinct. If we turn to the Am^pMUa^ there was 
one extinct order, the Labyrinthodonts, typified 
by the large salamander-like beast shown in this 
diagram. 

No order, of fishes is known to be extinct. 
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Ev<‘ry fish that we find in the strata — to which I 
havii Ixien referring — can be identified and placed 
ill one of the orders which exist at the present day. 
There is not known to be a single ordinal form 
of insect extinct. There are only two orders 
exiinct among the Grmtaccd. There is not known 
to hi‘, an extinct order of these creatures, the 
])arasi(ic and other worms ; but there arc two, not 
to say three, absolutely extinct orders of this 
(jlass, the Echinodermata ; out of all the orders of 
the Cmkmtmda and Protozoa only one, the Eugose 
( Jorals. 

So that, you see, out of somewhere about 120 
onhu’s of animals, taking them altogether, you 
will not, at the outside estimate, find above ten 
or a dozen extinct. Summing up all the order of 
animals which have left remains behind them, 
you will not find above ten or a dozen which 
cannot b(i arranged with those of the present day ; 
that is to say, that the difference does not amount 
to much more than ten per cent.: and the 
proportion of extinct orders of plants is still 
smaller. I think that that is a very astounding 
a most astonishing fact: seeing the enormous 
ep(Xihs of time which have elapsed during the 
constitution of the surfime of the earth as it at 
present exists, it is, indood, a most astounding 
thing tliat the proportion of extinct ordinal types 
should be so exceedingly small. 

But now, theni is another point of view in which 

A A 2 
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we mush look at this past creation. Suppose that 
we were to sink a vertical pit through the floor 
beneath us, and that I could succeed in making 
a section right through in the direction of New 
Zealand, I should find in each of the different 
beds through which I passed the remains of 
animals which I should find in that stratum and 
not in the others. First, I should come upon 
beds of gravel or drift containing the bones of 
large animals, such as the elephant, rhinoceros, 
and cave tiger. Rather curious things to fall 
across in Piccadilly 1 If I should dig lower still, 
I should come upon a bed of what we call the 
London clay, and in this, as you will see in 
our galleries up stairs, arc found remains of 
strange cattle, remains of turtles, palms, and large 
tropical fruits ; with shell-fish such as you see the 
like of now only in tropical regions. If I went 
below that, I should come upon the chalk, and 
there I should find something altogether different, 
the remains of ichthyosauria and pterodactyles, 
and ammonites, and so forth. 

I do not know what Mr. Godwin Austin would 
say comes next, but probably rocks containing 
more ammonites, and more ichthyosauria and 
plesiosauria, with a vast number of other things ; 
and under that I should meet with yet older 
rocks containing numbers of strange shells and 
fishes ; and in thus passing from the surface to the 
lowest depths of the earth's crust, tlie forms of 
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animal life and vegetable life -whicli I should meet 
with in the successive beds would, looking at them 
broadly, be the more diflferent the further that T 
went down. Or, in other words, inasmuch as W(j 
started with the clear principle, that in a series of 
naturally-disposed mud beds the lowest are tlui 
oldest, we should come to this result, that the 
further we go back in time the more difference 
exists between the animal and vegetable lif<‘ of 
an epoch and that which now exists. Tliat was 
the conclusion to which I wished to bring you at 
the end of this lecture. 
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THE METHOD BY WHICH THE CAUSES OF THE 
PRESENT AND PAST CONDITIONS OF ORGANIC 
NATURE ARE TO BE DISCOVERED. — THE 
ORIGINATION OF LIVING BEINGS. 

In the two preceding lectures I have endeavoured 
to indicate to you the extent of the subject-matter 
of the inquiry upon which we are engaged ; and 
having thus acquired some conception of the past 
and present phenomena of organic nature, I must 
now turn to that which constitutes the great prob- 
lem which we have sot before ourselves ; — I moan, 
the question of what knowledge we have of the 
causes of these phenomena of organic nature, and 
how such knowledge is obtainable. 

Here, on the threshold of the inquiry, an 
objection meets us. There are in the world a 
number of extremely worthy, well-meaning 
persons, whose judgments and opinions are 
entitled to the utmost respect on account of 
their sincerity, who are of opinion that vital 
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phenol acna, and cajiccially all questions relating 
to the origin of vital phenomena, are questions 
finite apart from the ordinary run of inquiry, and 
are, by tlieir very nature, placed out of our reach. 
They say that all these phenomena originated 
miraculously, or iu some way totally different from 
the firdiuary course of nature, and that tliereforo 
they coiKieive it to bo futile, not to say pre- 
sumptuous, to attempt to iiKpiiro into them. 

Hucli sincere and carnGst persons, I would 
only say, that a (piestiou of this kind is not to be 
slielv(‘d upon theoretical or speculative gi’ounds. 
You may renuimber the story of the Sophist who 
<l(‘monstnite,d to Dif^genes iu the most coruplote 
a.nd satisfaciory maimer that ho could not walk ; 
tha.t, in fact, all motion was an impossibility ; and 
iliat DiogfjTu^H refuted him by sinqily getting up 
and walking round his tub. So, iu the same way, 
th(‘, man of s<iience replies to objections of this 
kind, liy sim])ly getting up and walking onward, 
and shelving wliat scaeiuje, has done and is doing 
— hy pointing U) that immense mass of facts 
which hav(j been ascertained as systematised 
under the forms of the great doctrines of morpho- 
logy, of d(iveloj>m<mt, of distribution, and the 
lik(% I To s(His an enormous mass of facts and laws 
relating to organic beings, wliich stand on tho 
good sound foundation as every other natural 
law. With this mass of facts and laws bofoi’o us, 
ther<?foro, sf‘eing that, as far as organic matters 
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have hitherto been accessible and studied, they 
have shown themselves capable of yielding to 
scientific investigation, we may accept this as 
proof that order and law reign there as well as 
in the rest of Nature. The man of science says 
nothing to objectors of this sort, but supposes 
that we can and shall walk to a knowledge of the 
origin of organic nature, in the same way that we 
have walked to a knowledge of the laws and 
principles of the inorganic world. 

But there are objectors who say the same from 
ignorance and ill-will. To such I would reply 
that the objection comes ill from them, and that 
the real presumption, I may almost say the real 
blasphemy, in this matter, is in the attempt to 
limit that inquiry into the causes of phenomena, 
which is the source of all human blessings, and 
from which has sprung all human prosperity and 
progress ; for, after all, we can accomplish com- 
paratively little ; the limited range of our own 
faculties bounds us on every side, — the field of 
our powers of observation is small enough, and 
he who endeavours to narrow the sphere of our 
inquiries is only imrsuing a course that is likely 
to produce the greatest harm to his fellow- 
men. 

But now, assuming, as we all do, I hope, that 
these phenomena are properly accessible to inquiry 
and setting out upon our search into the causes 
of the phenomena of organic nature, or at any 
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rate, setting out to discover how much wc at 
present know upon these abstruse matters, the 
epestion arises as to what is to be our course of 
proceeding, and what method we must lay down 
for our guidance. I reply to that question, that 
our method must be exactly the same as that which 
is pursued in any other scientific inquiry, the 
method of scientific investigation being the same 
for all orders of facts and phenomena whatsoever. 

I must dwell a little on this point, for I wish you 
to leave this room with a very clear conviction that 
scientific investigation is not, as many people seem 
to suppose, some kind of modern black art. I say 
that you might easily gather this impression from 
the manner in which many persons speak of 
scientific inquiry, or talk about inductive and 
deductive philosophy, or the principles of the 

Baconian philosophy.'' I do protest that, of the 
vast number of cants in this world, there arc 
none, to my mind, so contemptible as the pseudo- 
scientific cant Avhich is talked about the ‘‘ Baconian 
philosophy." 

To hear people talk about the groat Chancellor 
— and a very great man he certainly was, — you 
would think that it was ho who had invented 
science, and tliat there was no such thing as 
sound reasoning before the time of Queen 
Elimbothl Of course you say, that cannot 
pos.sib]y be true ; you perceive, on a moment's 
reflection, that such an idea is absurdly wrong. 
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and yet, so firmly rooted is this sort of impression, 
— I cannot call it an idea, or conception, — the 
thing is too absurd to be entertained, — but so 
completely does it exist at the bottom of most 
men’s minds, that this has been a matter of ob- 
servation with me for many years past. There 
are many men who, though knowing absolutely 
nothing of the subject with which they may be 
dealing, wish, nevertheless, to damage the author 
of some view with which they think fit to disagree. 
What they do, then, is not to go and learn some- 
thing about the subject, which one would naturally 
think the best way of fairly dealing with it ; but 
they abuse the originator of the view they ques- 
tion, in a general manner, and wind up by saying 
that, After all, you know, the principles and 
method of this author are totally opposed to the 
canons of the Baconian philosophy.” Then every- 
body applauds, as a matter of course, and agrees 
that it must be so. But if you were to stop them 
all in the middle of their applause, you would 
probably find that neither the speaker nor his 
applauders could tell you how or in what way it 
was so ; neither the one nor the other having the 
slightest idea of what they mean when they speak 
of the “ Baconian philosophy.” 

Toil will understand, I hope, that I have not 
the slightest desire to join in the outcry against 
either the morals, the intellect, or the great genius 
of Lord Chancellor Bacon. He was undoubtedly 
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a very great man, let people say what they will of 
him; but notwithstanding all that he did for 
philosophy, it would be entirely wrong to suppose 
that the methods of modern scientific inquiry 
originated witli him, or with his age ; they origin- 
ated with the first man, whoever he was; and 
indeed existed long before him, for many of the 
essential processes of reasoning are exerted by the 
higher order of brutes as completely and effectively 
as by ourselves. We see in many of the brute 
creation the exercise of one, at least, of the same 
powers of reasoning as that whicli we ourselves 
employ. 

The method of scientific investigation is nothing 
bub the expression of the necessary mode of work- 
ing of the human mind. It is simply the mode 
at which all phenomena are reasoned about, ren- 
dered precise and exact. There is no more differ- 
ence, but there is just the same kind of difference, 
between the mental operations of a man of science 
and those of an ordinary person, as there is between 
the operations and methods of a baker or of a 
butcher weighing out his goods in common scales, 
and the operations of a chemist in performing a 
difficult and complex analysis by means of his 
balance and finely-graduated weights. It is not 
tliat the action of the scales in the one case, and 
the balance in the other, differ in the princijples of 
their construction or manner of working ; but the 
beam of one is set on an infinitely finer axis than 
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the other, and of course turns by the addition of 
a much smaller weight. 

You will understand this better, perhaps, if I 
give you some familiar example. You have all 
heard it repeated, I dare say, that men of science 
work by means of induction and deduction, and 
that by the help of these operations, they, in a sort 
of sense, wring from Nature certain other things, 
which are called natural laws, and causes, and 
that out of these, by some cunning skill of their 
own, they build up hypotheses and theories. 
And it is imagined by many, that the operations 
of the common mind can be by no means com- 
pared with these processes, and that they have to 
be acquired by a sort of special apprenticeship to 
the craft. To hear all these large words, you 
would think that the mind of a man of science 
must be constituted differently from that of his 
fellow men ; but if you will not be frightened by 
terms, you will discover that you are quite wrong, 
and that all these terrible apparatus are being 
used by yourselves every day and every hour of 
your lives. 

There is a well-known incident in one of 
Moliere’s plays, where the author makes the hero 
express unbounded delight on being told that he 
had been talking prose during the whole of his 
life. In the same way, I trust, that you will take 
comfort, and be delighted with yourselves, on the 
discovery that you have been acting on the prin- 
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ciplos of inductive and deductive pliilosopliy dur- 
ing the same period. Probably there is not one 
here who has not in the course of the day had 
occasion to set in motion a complex train of reason- 
ing, of the very same kind, though differing of 
course in degree, as that which a scientific man 
goes through in tracing the causes of natural 
phenomena. 

A very trivial circumstance will serve to ex- 
emplify this. Suppose you go into a fruiterer’s 
shop, wanting an apple, — ^you take up one, and, 
on biting it, you find it is sour; you look at it, 
and see that it is hard and green. You take 
up another one, and that too is hard, green, 
and sour. The shopman offers you a third; 
but, before biting it, you examine it, and find 
that it is hard and green, and you immediately 
say that you will not have it, as it must 
be sour, like those that you have already 
tried. 

Nothing can be more simple than that, you 
think ; but if you will take the trouble to analyse 
and trace out into its logical elements what has 
been done by the mind, you will be greatly sur- 
prised. In the first place, you have performed 
the operation cf induction. You found that, in 
two experiences, hardness and greenness in apples 
went together with sourness. It was so in the 
first case, and it was confirmed by the second. 
True, it is a very small basis, but still it is enough 
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to make an induction from ; you generalise the 
facts, and you expect to find sourness in apples 
where you get hardness and greenness. You found 
upon that a general law, that all hard and green 
apples are sour ; and that, so far as it goes, is a 
perfect induction. Well, having got your natural 
law in this way, when you are offered another 
apple which you find is hard and green, you say, 
“ All hard and green apples are sour ; this apple 
is hard and green, therefore this apple is sour.” 
That train of reasoning is what logicians call a 
syllogism, and has all its various parts and terms, 
— ^its major premiss, its minor premiss, and its 
conclusion. And, by the help of further reason- 
ing, which, if di'awn out, would have to be exhibited 
in two or three other syllogisms, you arrive at your 
final determination, “ I will not have that apple.” 
So that, you see, you have, in the first place, 
established a law by induction, and upon that you 
have founded a deduction, and reasoned out the 
special conclusion of the particular case. Well 
now, suppose, having got your law, that at some 
time afterwards, you are discussing the qualities 
of apples with a friend : you will say to him, '' It is 
a very curious thing, — but I find that all hard and 
green apples are sour ! ” Your friend says to you, 
But how do you know that ? ” You at once 
reply, ‘‘ Oh, because I have tried them over and 
over again, and have always found them to be so.” 
Well, if we were talking science instead of common 
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sense, we should call that an experimental verifica- 
tion, And, if Still opposed, you go further, and 
say, have heard from the people in Somerset- 
shire and Devonshire, where a large number of 
apples are grown, that they have observed the 
same thing. It is also found to be the case in 
Normandy, and in North America. In short, I 
find it to be the universal experience of mankind 
wherever attention has been directed to the sub- 
ject.’^ Whereupon, your friend, unless he is a 
very unreasonable man, agrees with you, and is 
convinced that you are quite right in the conclu- 
sion you have drawn. He believes, although per- 
haps he does not know he believes it, that the 
more extensive verifications are,-^that the more 
frequently experiments have been made, and re- 
sults of the same kind arrived at,-— that the more 
varied the conditions under which the same results 
are attained, the more certain is the ultimate con- 
clusion, and he disputes the question no further. 
He sees that the experiment has been tried under 
all sorts of conditions, as to time, place, and people, 
with the same result ; and he says with you, 
therefore, that the law you have laid down must 
be a good one, and he must believe it. 

In science we do the same tbing ;— the philo- 
sopher exercises precisely the same faculties, 
though in a much more delicate manner. In 
scientific inquiry it becomes a maU^^ duty to 
expose a supposed law to every possible kind of 
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verification, and to take care, moreover, that this 
is done intentionally, and not left to a mere acci- 
dent, as in the case of the apples. And in science, 
as in common life, onr confidence in a law is in 
exact proportion to the absence of variation in 
the result of our experimental verifications. For 
instance, if you lefc go your grasp of an article 
you may have in your hand, it will immediately 
fall to the ground. That is a very common veri- 
fication of one of the best established laws of 
nature — ^that of gi'avitation. The method by 
which men of science establish the existence of 
that law is exactly the same as that by which we 
have established the trivial proposition about the 
sourness of hard and green apples. But we believe 
it in such an extensive, thorough, and unhesitat- 
ing manner because the universal experience of 
mankind verifies it, and we can verify it ourselves 
at any time ; and that is the strongest possible 
foundation on which any natural law can rest. 

So much, then, by way of proof that the method 
of establishing laws in science is exactly the same 
as that pursued in common life. Let us now turn 
to another matter (though really it is but another 
phase of the same question), and that is, the 
method by which, from the relations of certain 
phenomena, we prove that some stand in the posi- 
tion of causes towards the others. 

I want to put the case clearly before you, and I 
will therefore show you what I mean by another 
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familiar example. I will suj^pose that one of you, 
on coming down in the morning to the parlour of 
your house, finds that a tea-pot and some spoons 
which had been left in the room on the previous 
evening are gone, — the window is open, and you 
observe the mark of a dirty hand on the window- 
frame, and perhaps, in addition to that, you notice 
the impiess of a hob-nailed shoe on the gravel 
outside. All these phenomena have struck your 
attention instantly, and before two seconds have 
passed you say, Oh, somebody has broken open 
the window, entered the room, and run off with 
the spoons and the tea-pot ! ” That speech is out 
of your mouth in a moment. And you will prob- 
ably add, “ I know there has ; I am quite sure of 
it ! '" You mean to say exactly what you know; 
but in reality you are giving expression to what 
is, in all essential particulars, an hypothesis. 
You do not hnow it at all ; it is nothing but an 
hypothesis rapidly framed in your own mind. And 
it is an hypothesis founded on a long train of in- 
ductions and deductions. 

What are those inductions and deductions, and 
how have you got at this hypothesis ? You have 
observed, in the first place, that the window is 
open ; but by a train of reasoning involving many 
inductions and deductions, you have probably 
arrived long before at the general law — and a 
very good one it is — ^that windows do not open of 
themselves ; and you therefore conclude that 
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something has opened the window. A second 
general law that yon have arrived at in the same 
way is, that toa-pots and spoons do not go out of 
a window spontaneously, and you are satisfied that, 
as they are not now where you left them, they 
have been removed. In the third place, you look 
at the marks on the window-sill, and the shoe- 
marks outside, and yon say that in all previous 
experience the former kind of mark has never 
been produced by anything else but the hand of a 
human being ; and the same experience shows that 
no other animal but man at present wears shoes 
with hob-nails in them such as would produce the 
marks in the gravel. I do not know, even if we 
could discover any of those “ missing links ” that 
are talked about, that they would help us to any 
other conclusion ! At any rate the law which 
states our present experience is strong enough for 
my present purpose. You next reach the con- 
clusion, that as these kinds of marks have not been 
left by any other animals than men, or are liable 
to be formed in any other way than by a man's 
hand and shoe, the marks in question have been 
formed by a man in that way. You have, further, 
a general law, founded on observation and experi- 
ence, and that, too, is, I am sorry to say, a very 
universal and unimpeachable one, — ^that some men 
are thieves ; and you assume at once from all these 
premisses — and that is what constitutes your 
hypothesis — that the man who made the marks 
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outside and on the window-sill, opened the window, 
got into the room, and stole your tea-pot and 
spoons. You have now arrived at a mra cauBcu ; 
— you have assumed a cause which, it is plain, is 
competent to produce all the phenomena you have 
observed. You can explain all these phenomena 
only by the hypothesis of a thief. But that is a 
hypothetical conclusion, of the justice of which 
you have no absolute proof at all; it is only 
rendered highly probable by a series of inductive 
and deductive reasonings. 

I suppose your first action, assuming that you 
are a man of ordinary common sense, and that 
you have established this hypothesis to your own 
satisfaction, will very likely bo to go off for the 
police, and set them on the track of the burglar, 
with the view to the recovery of your property. 
But just as you are starting with this object, some 
])erson comes in, and on learning what you are 
about, says, My good friend, you are going on a 
great deal too fast. How do you know that the 
man who really made the marks took the spoons ? 
It might have been a monkey that took them, and 
the man may have merely looked in afterwards.'' 
You would probably reply, “ Well, that is all very 
well, but you see it is contrary to all experience 
of the way tea-pots and spoons are abstracted ; so 
that, at any rate, your hypothesis is less probable 
than mine." While you are talking the thing 
over in this way, another friend arrives, one of 
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that good kind of people that I was talking of a 
little while ago. And he might say, '' Oh, my dear 
sir, you are certainly going on a great deal too 
fast. You are most presumptuous. You admit 
that all these occurrences took place when you 
were fast asleep, at a time when you could not 
possibly have known anything about what was 
taking place. How do you know that the laws of 
Nature are not suspended during the night ? It 
may be that there has been some kind of super- 
natural interference in this case.'' In point of 
fact, he declares that your hypothesis is one of 
which you cannot at all demonstrate the truth, 
and that you are by no means sure that the laws 
of Nature are the same when you are asleep as 
when you are awake. 

Well, now, you cannot at the moment answer 
that kind of reasoning. You feel that your worthy 
friend has you somewhat at a disadvantage. You 
will feel perfectly convinced in your own mind, 
however, that you are quite right, and you say to 
him, ** My good friend, I can only be guided by 
the natural probabilities of the case, and if you 
will be kind enough to stand aside and permit me 
to pass, I will go and fetch the police." Well, we 
will suppose that your journey is successful, and 
that by good luck you meet with a policeman ; 
that eventually the burglar is found with your 
property on his person, and the marks correspond 
to his hand and to his boots. Probably any jury 
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would consider those facts a very good experimental 
verification of your hypothesis, touching the cause 
of the abnormal phenomena observed in your 
parlour, and would act accordingly. 

Now, in this suppositious case, I have taken 
phenomena of a very common kind, in order that 
you might see what are the different steps in an 
ordinary process of reasoning, if you will only tako 
the trouble to analyse it carefully. All the opera- 
tions I have described, you -will see, arc involved 
in the mind of any man of sense in leading him 
to a conclusion as to the course he should take in 
order to make good a robbery and punish the 
oircnder. I say that you are led, in that case, to 
your conclusion by exactly the same train of 
reasoning as that which a man of science pursues 
when ho is endeavouring to discover the origin and 
laws of the most occult phenomena. The process 
is, and always must be, the same ; and precisely 
thtj same mode of reasoning was employed by 
Newton and Laplace in their endeavours to dis- 
cover and define the causes of the movements of 
the heavenly bodies, as you, with your own common 
sense, would employ to detect a burglar. The 
only difference is, that the nature of the inquiry 
being more abstruse, every step has to be most 
carefully watched, so that there may not he a 
single crack or flaw in your hypothesis. A 
ilaw or crack in many of the liypotheses of 
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daily life may be of little or no moment as 
affecting the general correctness of tbe conclusions 
at which we may arrive ; but. in a scientific in- 
quiry, a fallacy, great or small, is always of im- 
portance, and is sure to be in the long run 
constantly productive of mischievous, if not fatal 
results. 

Do not allow yourselves to be misled by the 
common notion that an hypothesis is untrustworthy 
simply because it is an hypothesis. It is often 
urged, in respect to some scientific conclusion, 
that, after all, it is only an hypothesis. But what 
more have we to guide us in nine-tenths of the 
most important affairs of daily life than hypotheses, 
and often very ill-based ones ? So that in science, 
where the evidence of an hypothesis is subjected 
to the most rigid examination, we may rightly 
pursue the same course. You may have hypo- 
theses and hypotheses. A man may say, if he 
likes, that the moon is made of green cheese : 
that is an hypothesis. But another man, who has 
devoted a great deal of time and attention to the 
subject, and availed himself of the most powerful 
telescopes and the results of the observations of 
others, declares that in his opinion it is probably 
composed of materials very similar to those of 
which our own earth is made up : and that is also 
only an hypothesis. But I need not tell you that 
there is an enormous difference in the value of the 
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two hypotheses. That one which is based on 
sound scientific knowledge is sure to have a corre- 
sponding value ; and that which is a mere hasty 
random guess is likely to have but little value. 
Every great step in our progress in discovering 
causes has been made in exactly the same way as 
that which I have detailed to you. A person 
observing the occurrence of certain facts and 
phenomena asks, naturally enough, what process, 
what kind of operation known to occur in Nature 
applied to the particular case, will unravel and 
explain the mystery ? Hence you have the 
scientific hypothesis; and its value will be pro- 
portionate to the care and completeness with which 
its basis had been tested and verified. It is in 
these matters as in the commonest affairs of prac- 
tical life : the guess of the fool will bo folly, while 
the guess of the wise man will contain wisdom. 
In all cases, you see that the value of the result 
depends on the patience and faithfulness with 
which the investigator applies to his hypothesis 
every possible kind of verification. 

I dare say I may have to return to this point 
by and by ; but having dealt thus far with our 
logical methods, I must now turn to something 
which, perhaps, you may consider more interesting, 
or, at any rate, more tangible. But in reality 
there are but few things that can be more import- 
ant for you to understand than the mental pro- 
cesses and the moans by which we obtain scientific 
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conclusions and theories.^ Having granted that 
the inquiry is a proper one, and having determined 
on the nature of the methods we are to pursue 
and which only can lead to success, I must now 
turn to the consideration of our knowledge of the 
nature of the processes which have resulted in the 
present condition of organic nature. 

Here, let me say at once, lest some of you mis- 
understand me, that I have extremely little to 
report. The question of how the present condition 
of organic nature came about, resolves itself into 
two questions. The first is : How has organic or 
living matter commenced its existence ? And the 
second is : How has it been perpetuated ? On the 
second question I shall have more to say hereafter. 
But on the first one, what I now have to say will 
be for the most part of a negative character. 

If you consider what kind of evidence we can 
have upon this matter, it will resolve itself into 
two kinds. We may have historical evidence and we 
may have experimental evidence. It is, for example, 
conceivable, that inasmuch as the hardened mud 
■which forms a considerable portion of the thick- 
ness of the earth’s crust contains faithful records 
of the pa^ forms of life, and haasnmch as these 
differ more and more as we go further down,— it 
is possible and conceivable that we might come to 

* Those wlio wisK to study Mly the doctrines of which I 
have endeavoured to give some rou^ and-ready illustrations, 
must read Mt. John Stuart MilTs ^sto 
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some particular bed or stratum which should con- 
tain the< remains of those creatures with which 
organic life began upon the earth. And if we did 
so, and if such forms of organic life were pre- 
servable, we should have what I would call his- 
torical evidence of the mode in which organic life 
began upon this planet. Many persons will tell 
you, and indeed you will find it stated in many 
works on geology, that this lias been done, and 
that we really possess such a record ; there are 
Moino wlio imagine that the earliest forms of life 
of which wo have as yet discovered any record, are 
in truth the forms in which animal life began upon 
th(‘, globe. The grounds on which they base that 
supi)OHition are these:— That if you go through 
ilio (mormons thickness of the earth’s crust and 
g(‘t down to the older rocks, the higher vertebrate 
animals — the (pxadrupods, birds, and fishes — cease 
to bo found ; beneath them you find only the in- 
vort-ehrate animals ; and in the deepest and lowest 
rot'.ks those remains become scantier and scantier, 
not in any very gradual progression, however, 
until, at hmgth, in what are supposed to be the 
oldest rocks, the animal remains which are found 
are almostalways confined tofourforms — Oldhamia, 
whose precise nature is not known, whether plant 
or animal j TAufjulcc, a kind of mollusc j TTildbitcSf 
a. (Tust(xo(‘an animal, having the same essential 
plan of construction, though differing in many 
details from a lobster or crab ; and EymenocaH% 
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wlxicli is also a crustacean. So that you have all 
the Fauna reduced, at this period, to four forms : 
one a kind of animal or plant that we know no- 
thing about, and three undoubted animals — two 
crustaceans and one mollusc. 

I think, considering the organisation of those 
mollusca and Crustacea, and looking at their very 
complex nature, that it does indeed require a very 
strong imagination to conceive that these were the 
first created of all living things. And you must 
take into consideration the fact that we have not 
the slightest proof that these which we call the 
oldest beds are really so : I repeat, we have not 
the slightest proof of it. When you find in some 
places that in an enormous thickness of rocks 
there are but very scanty traces of life, or abso- 
lutely none at all ; and that in other parts of the 
world rocks of the very same formation ai’o 
crowded with the records of living forms, I think 
it is impossible to place any reliance on the sup- 
position, or to feel one’s self justified in supposing 
that these arc the forms in which life first com- 
menced. I have not time here to enter upon the 
technical grounds upon which I am led to this 
conclusion, — that could hardly be done properly 
in half a dozen lectures on that part alone : — I 
must content myself with saying that I do not 
at all believe that these are the oldest forms 
of life. 

I turn to the experimental side to see what 
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evidence we have there. To enable ns to say that | 
we know anything ahont the experiinental origin- ! 
ation of organisation and life, the investigator ; 
ought to be able to take inorganic matters, such i 
as carbonic acid, ammonia, water, and salines, in j 
any sort of inorganic combination, and be able to j 
build them up into protein matter, and then that | 
protein matter ought to begin to live in an J 
organic form. That, nobody has done as yet, and i 
I suspect it will be a long while before anybody J 
does do it. But the thing is by no means so 
impossible as it looks ; for the researches of modern 
chemistry have shown us — I won’t say the road 
towards it, but, if I may so say, they have shown 
the finger-post pointing to the road that may lead 
to ■it., 

It is not many years ago— and you must recol-^ | 
lect that Organic Chemistry is a young science, ^ 
not above a couple of generations old, you must ^ 
not expect too much of ity— it is not many years | 
ago since it was said to be perfectly impossible to j 
fabricate any organic compound ; that is to say, ; 
any non-mineral compound which is to be found 
in an organised being. It remained so for a very 
long period ; but it is now a considerable number ; 
of years since a distinguished foreign chemist con- 
trived to fabricate urea, a substance of a very 
complex character, which forms one of the waste 
products of animal structures. And of late years 
a number of other compounds, such as butyric | 
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acid, and others, have been added to the list. I 
need not tell you that chemistry is a,n enormous 
distance from the goal I indicate ; all I wish to 
point out to you is, that it is by no means safe 
to say that that goal may not bo I'cachcd one 
day. It may bo that it is impossible for us 
to produce the conditions recpiisito to the origina- 
tion of life ; but wo must speak modestly about 
the matter, and recollect that Science lias put lier 
foot upon the b(^ttom round of the ladder. Truly 
lie would be a bold man who would venture to 
predict where she will be fifty years hence. 

There is another inquiry wliich bears indiri‘ctly 
upon this question, and upon which I must say a 
few words. Ton arc all of you aware of tlie 
phenomena of what is called spontaneous genera- 
tion. Our forefathers, down to the sciventtjenth 
century, or thcreahouts, all imagined, in )>i*rfectly 
good faith, that certain vegetable and animal 
forms gave birth, in the process of their decom- 
position, to insect life. Tlius, if you put a piece 
of meat in the sun, and allowed it to putrefy, they 
conceived that the grubs which soon began t.o 
appear were the result of the action ()f a power of 
spontaneous generation which the meat contained. 
And they could give you receipts for making 
various animal and vegetable propai^ations whi(*Ii 
would produce particular kinds of animals. A 
very distinguished Italian naturalist, named liedi, 
took up the question, at a time when everybody 
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believed in it ; among otliers our own great Harvey, 
the discoverer of the circulation of the blood. 
You will constantly find his name quoted, how- 
ever, as an opponent of the doctrine of spontaneous 
generation; but the fact is, and you will see it if 
you will take the trouble to look into his woi'ks, 
Harvey believed it as profoundly as any man of 
his time; but he happened to enunciate a very 
curious proposition — ^that every living thing came 
from an he did not mean to use the word in 
the sense in which we now employ it, he only 
meant to say that every living thing originated in 
a little rounded particle of organised substance ; 
and" it is from this circumstance, probably, that 
the notion of Harvey having opposed the doctrine 
originated. Then came Eedi, and he proceeded 
to upset the doctrine in a very simple mahner. 
He merely covered the piece of meat with some 
very fine gauze, and then he exposed it to the 
same conditions. The result of this was that no 
grubs or insects were produced ; he proved that 
the grubs originated from the insects who came 
and deposited their eggs in the meat, and that 
they were hatched by the heat of the sun. By 
this kind of inquiry he thoroughly upset the 
doctrine of spontaneous generation, for his time 
' '.at least. 

Then came the discovery and application of the 
microscope to scientific inquiries, which showed to 
naturalists that besides the organisms which they 



382 


THE CAUSES OE THE 


xt 


already knew as living beings and plants, there 
were an immense number of minute tilings wliich 
could be obtained apparently almost at will from 
decaying vegetable and animal forms. Thus, if 
you took some ordinary black pepper or some hay^ 
and steeped it in water, you would find in the course 
of a few days that the water had become iiajm^g- 
nated with an immense number of animalcules 
swimming about in all directions. From facts of 
this kind naturalists were led to revive the theory 
of spontaneous generation. They were headed 
here by an English naturalist, — Needham, — and 
afterwards in France by the learned Buffon. They 
said that these things were absolutely begotten 
in the water of the decaying substances out of 
which the infusion was made. It did not matter 
whether you took animal or vegetable matter, you 
had only to steep it in water and expose it, and 
you would soon have plenty of animalcules. They 
made an hypothesis about this which was a very 
fair one. They said, this matter of the animal 
world, or of the higher plants, appears to be dead, 
but in reality it has a sort of dim life about it, 
which, if it is placed iindor fair conditions, will 
cause it to break up into the forms of those little 
animalcules, and they will go through their lives 
in the same way as the animal or plant of whicli 
they once formed a part. 

The question now became voiy liotly debated. 
Spallanzani, an Italian naturalist, took up oi*)posito 
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views to those of Needham and Bnffbn, and by 
means of certain experiments he showed that it 
was quite possible to stop the process by boiling 
the water, and closing the vessel in which it was 
contained. ‘^ Oh 1 ” said his opponents ; but what 
do you know you may be doing when you heat the 
air over the water in this way ? You may be de- 
stroying some property of the air requisite for the 
spontaneous generation of the animalcules.’' 

However, Spallanzani’s views were supposed to 
be upon the right side, and those of the others fell 
into discredit ; although the fact was that Spallan- 
zani had not made good his views. Well, then, 
the subject continued to be revived from time to 
time, and experiments were made by several per- 
sons; but these experiments were not altogether 
satisfactory. It was found that if you put an in- 
fusion in which animalcules would appear if it Were 
exposed to the air into a vessel and boiled it, and 
then sealed up the mouth of the vessel, so that no 
air, save such as had been heated to 212°, could 
reach its contents, that then no animalcules would 
be found ; but if you took the same vessel and ex- 
posed the infusion to the air, then you would get 
animalcules; Furthermore, it was found that if 
you connected the mouth of the vessel with a red- 
hot tube in such a Avay that the air would have to 
pass through the tube before reaching the infusidii, 
that then you would get no anihialcules. Yet 
another thing was noticed : if you took two flasks 
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containing the same kind of infusion, and left one 
entirely exposed to the air, and in the mouth of 
the other placed a ball of cotton wool, so that tlie 
air would have to filter itself through it before 
reaching the infusion, that then, although you 
might have plenty of animalcules in the first flask, 
you would certainly obtain none from the second. 

These experiments, you see, all tended towards 
one conclusion — that the infusoria were developed 
from little minute spores or eggs which were con- 
stantly floating in the atmosphere, and which lose 
their power of germination if subjected to heat. 
But one observer now made another experiment, 
which seemed to go entirely the other way, and 
puzzled him altogether. He took some of this 
boiled infusion that I have been speaking of, and 
by the use of a mercurial bath — a kind of trough 
used in laboratories — ^lio deftly inverted a vessel 
containing the infusion into the mercury, so that 
the latter reached a little beyond the level of the 
mouth of the inmied vessel. You see that he 
thus had a quantity of the infusion shut off from 
any possible communication with the outer air by 
being inverted upon a bed of mercury. 

He then prepared some pure oxygen and nitro- 
gen gases, and passed them by means of a tube 
going from the outside of the vessel, up through 
the mercury into the infusion ; so that he thus 
had it exposed to a perfectly pure atmosphere of 
the same constituents as the external air. Of 
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course, he expected he would get no infusorial , 
animalcules at all in that infusion ; but, to his ; 
great dismay and discomfiture, he found he almost 
always did get them. 

Furthermore, it has been found that experi-J 
ments made in the manner described above answer I 
well with most infusions ; but that if you fill the j 
vessel with boiled milk, and then stop the neck ^ 
with cotton-wool, you have infusoria. So that j 
you see there were two experiments that brought 
you to one kind of conclusion, and three to an- ; 
other; which was a most unsatisfactory state of 
things to arrive at in a scientific inquiry. 

Some few years after this, the question began 
to be very hotly discussed in France. There was 
M. Pouchet, a professor at Eouen, a very learned | 
man, but certainly not a very rigid experimental-1 
ist. He published a number of experiments of his? 
own, some of which were very ingenious, to showi 
that if you went to work in a proper way, there| 
was a truth in the doctrine of spontaneous genera-r 
tion. Well, it was one of the most fortunate things ' 
in the world that M. Pouchet took up this question,? 
because it induced a distinguished French chemist,? 
M. Pasteur, to take up the question on the other ^ 
side ; and he has certainly worked it out in the 
most perfect manner. I am glad to say, too, that 
he has published his researches in time to enable 
me to give you an account of them. He verified i 
all the experiments which I have just mentioned 

.■■■ VOl4,'XI 
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to you — and then finding those extraordinary 
anonaalies, as in the case of the mcrcuiy bath and 
the milk, he set himself to work to discover their 
nature. In the case of milk he found it to bo a 
question of temperature. Milk in a fresh state is 
slightly alkaline ; and it is a very curious circum- 
stance, but this very slight degree of alkaliuii.y 
seems to have the effect of preserving the organ- 
isms which fall into it from the air from being 
destroyed at a temperature of 212'', which is tlm 
boiling point. But if you raise the temperature 
10° when you boil it, the milk behaves like evc^ry- 
thing else ; and if the air with which it comes in 
contact, after being boiled at this temperature, is 
passed through a red-hot tube, you will not get a 
trace of organisms. 

He then turned his attention to the mercury 
bath, and found on examination that the surface of 
the mercury was almost always covered witli a 
very fine dust. He found that even the mercury 
itself was positively full of organic matters ; that 
from being constantly exposed to the air, it had 
collected an immense number of these infusorin.1 
organisms from the air. Well, under those circum- 
stances he felt that the case was quite clear, and 
that the mercury was not what it liad appeared to 
M. Schwann to he, — a bar to the admission of those 
organisms ; but that, in reality, it acted as a reservoir 
from which the infusion was immediately supplied 
with the large quantity that had so puzzled him. 
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But not content with, explaining the experiments 
of others, M. Pasteur went to work to satisfy himself 
completely. He said to himself : “ If my view is 
right, and if, in point of fact, all these appearances 
of spontaneous generation are altogether due to the 
falling of minute germs suspended in the atmo- 
sphere, — ^why, I ought not only to be able to show 
the germs, but I ought to be able to catch 
and sow them, and produce the resulting organ- 
isms/' He, accordingly, constructed a very in- 
genious appax’atus to enable him to accomplish the 
trapping of the “ germ dust ” in the air. He fixed 
in the window of his room a glass tube, in the 
centre of which he had placed a ball of gun-cotton, 
which, as you all know, is ordinary cotton-wool, 
which, from having been steeped in strong acid, is 
converted into a substance of great explosive power. 
It is also soluble in alcohol and ether. One end 
of the glass tube was, of course, open to the ex- 
ternal air; and at the other end of it he placed an 
aspirator, a contrivance for causing a current of 
the external air to pass through the tube. He 
kept this apparatus going for four-and-twenty 
hours, and then removed the gun-cotton, 

and dissolved it in alcohol and ether. He then 
allowed this to stand for a few hours, and the re- 
sult was, that a very fine du^ was gradually de- 
posited at the bottom of it. That dust, on being 
transferred to the stage of a microscope, was found 
to contain an enormous number of starch grains. 



388 


THE CAUSES OF THE 


XI 


You know that the materials of our foo<l and the 
greater portion of plants are composed of stanch, 
and we are constantly making use of it in a variety 
of ways, so that there is always a (jnantity of it 
suspended in the air. It is these starch grains 
which form many of those bright spcscks that we 
see dancing in a ray of light sometimes. But be- 
sides these, M. Pasteur found also an imim^nse 
number of other organic subs<an(^(‘s such a.s sporcjs 
of fungi, which had been floating about in tlu‘, air 
and had got caged in this way. 

Ho wont farther, and said to liiinself, ‘Mf Um^si*. 
really are the things that give rise to th(i appt^ar- 
ance of spontaneous generation, I ought tolxj abl(^ 
to take a hall of this dvded gun-cottou and }mt it 
into one of my vessels, containing that boihxl in- 
fusion which has boon kept away from air, m:Hl 
in which no infusoria are at present devedoped, and 
then, if I am right, the introduction of this gun- 
cotton will give rise to organisms/' 

Accordingly, he took one of thesti vessels ctf in- 
fusion, which had been kept eighteen months, 
without the least appearance of life in it, and l)y a, 
most ingenious contrivance, he managed to break 
it open and introduce such a hall of gnn-<^<.)iton, 
without allowing the infusion or the cotton ball to 
come into contact with any air but that whi(‘b ha(l 
been subjected to a red heat, and in tweniy-fonr 
hours he had the satisfaction of finding all tin* in- 
dications of what had been hitherto calbid spou- 
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taneous generation. He had succeeded in catching 
the germs and developing organisms in the way 
he had anticipated. 

It now struck him that the truth of his conclu- : 
sions might be demonstrated without all the appa- ; 
ratus he had employed. To do this, he took some ! 
decaying animal or vegetable substance, such as 
urine, which is an extremely decomposable sub- 
stance, or the juice of yeast, or perhaps some other 
artificial preparation, and fiUed a vessel having a i 
long tubular neck with it. He then boiled the 
liquid and bent that long neck into an S shape or 
zig-zag, leaving it open at the end. The infusion 
then gave no trace of any appearance of spontaneous 
generation, however long it might be left, as all : 
the germs in the air were deposited in the begin- ■ 
ning of the bent neck. He then cut the tube close ■ 
to the vessel, and allowed the ordinary air to have ; 
free and direct access ; and the result of that was 
the appearance of organisms in it, as soon as the 
infusion had been allowed to stand long enough to 
allow of the growth of those it received from the 
air, which was about forty-eight hours. The re- 
sult of M. Pasteur’s experiments proved, therefore, 
in the most conclusive manner, that all the appear- 
ances bf spontaneous generation arose from nothing 
more than the deposition of the germs of organisms | 
which were constantly floating in the air. 

To this conclusion, however, the objection was : 
made, that if that were the cause, then the air i 
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would contain such an enormous nmnbcir of these 
germs, that it would be a continual fog. But M. 
Pasteur replied that they are not there in any- 
thing like the number we might siippose, and that 
an exaggerated view has been held on that subject; 
he showed that the chances of animal or vegetabkj 
life appearing in infusions, depend entirely on the 
conditions under which they are exposed. Tf they 
are exposed to the ordinary atinosphero around 
us, why, of course, you may have organisms ap- 
pearing early. But, on the other hand, if they are 
exposed to air at a great height, or in some very 
quiet cellar, you will often not find a single trace 
of life. 

So that M. Pasteur arrived at last at the clear 
and definite result, that all these appearances arcj 
like the case of the worms in the piece of nujat, 
which was refuted by Redi, simply germs carried 
by the air and deposited in the liquids in which 
they afterwards appear. For my own part, I con- 
ceive that, with the particulars of M, Pfustcuir’s ex- 
periments before us, we cannot fail to arrive at his 
conclusions ; and that the doctrine of spontaneous 
generation has received a final eoup de (jrdm. 

You, of course, understand that all this in tio 
way interferes with the fossihiliiy of the fabrica- 
tion of organic matters by the direct nutthod to 
which I have referred, remote as that possibility 
may be. 



IV 


THE PEEPETUATION OP LIVING BEINGS, HEKEDI- 
TAEY TEANSMISSION AND VARIATION. 

The inquiry wMch we undertook, at our last 
nieeting, into the state of our knowledge of the 
causes of the phenomena of organic nature, -*-^of 
the past and of the present,— resolved itself into 
two subsidiary inquiries : the first was, wl^ether we ; 
know anything, either historically or experimen- : 
tally, of the mode of origin of^ living beings ; the 
second subsidiary inquiry was, whether, granting 
the origin, we know anything about the perpetua^ 
tion and inodificationsoHhe forms of organic beings. 
The reply which I had to give to the first question 
was altogether negative, and the chief result of my 
last lecture was, that, neither historically nor ex- 
perimentally, do we at present know anything j 
whatsoever about the origin of living forms. Wei 
saw that, historically, we are not likely to ki^ow [ 
anything about it, although we ^^n^^ perhaps {earn [ 
something experimentally ; but that present we | 
are an enormous distance from the goal lindie^d* | 
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I HOW, then, take up the next (piestioii, What 
do we know of the luproduction, the perpetuation, 
and the modifications of the forms of living beings, 
supposing that we have put thci question as to their 
origination on one side, and have assumed that at 
present the causes of their origination art^ Ix^yond 
us, and that wo know nothing about tluiin ? Upon 
this question the state of our knowledge is ex- 
tremely different ; it is exceedingly large : and, if 
not complete, our experience is certainly most ex- 
tensive. It would be impossible to lay it all before 
you, and the most I can do, or need do to-night, is 
to take up the principal points and fAit them be- 
fore you with such proininenco as may subserve 
the pui'poses of our present argument. 

The method of the pei'potuation oForganic lK*ingH 
isof two kinds, — the nou-sexual and tlio sexual, fn 
the first the perpetuation takes place from and by 
a particular acfc of an individual organism, which 
sometimes may not b(i classed as belonging to any 
sox at all. In the second cas(}, it is in con- 
sequence of the mutual action and interaction of 
certain portions of the organisms of usually two 
distinct individuals, — the male and the fiunahi. ’IMie 
cases of non-sexual perpetuation arc by no means 
so common as the cases of sexual porpcituatiou ; 
and they are by no means so common in the animal 
as in the vegetable world. You arc all probably 
familiar with the fact, as a matter of experieucti, 
that you can propagalo plants by means of what 
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are called cuttings ; for example, that by tak- I 
ing a cutting from a geranium plant, and rearing 
it properly, by supplying it with light and warmth 
and nourishment from the earth, it grows up and! 
takes the form of its parent, having all the pro- 
perties and peculiarities of the original plan! 

Sometimes this process, which the gardener per- 
forms artificially, takes place naturally ; that is to : 
say, a little bulb, or portion of the plant, detaches ; 
itself, drops off, and becomes capable of growing! 
as a separate thing. That is the case with many 
bulbous plants, which throw off in this way second- ; 
ary bulbs, which are lodged in the ground and 
become developed into plants. This is a non-sexual 
process, and from it results the repetition or re- 
production of the form of the original being from; 
which the bulb proceeds. 

Among animals the same thing takes place. 
Among the lower forms of animal life, the infusorial! 
animalculse we have already spoken of throw oflf 
certain portions, or break themselves up in various; 
directions, sometimes transversely or sometimesj 
longitudindly ; or they may give off buds, which} 
detach themselves and develop into their proper 
forms. There is the common fresh-water polype; 
for instance, which multiplies itself in this wayi 
Just in the same way as the gardener is able td 
multiply and reproduce the peculiarities and char4 
acters of particular plants by m^ of cuttings) 
so can the physiological experimentalist— as wa^ 
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shown by the Abb4 Trombley many years ago — so 
can he do the same thing with many of the lower 
forms of animal life. M. do Trembley showed 
that you could take a iJolype and cut it into two, 
or four, or many pieces, mutilating it in all direc- 
tions, and the pieces would still grow up and re- 
produce completely the original form of th(i animal. 
These are all cases of non-scxnal niultii)lication, 
and there are other instances, and still more extra- 
ordinary ones, in which this process takes place 
naturally, in a more hidden, a more recondite kind 
of way. You are all of you familiar with that 
little green insect, tlie A]}lm or blight, as it is 
called. These little animals, during a very con- 
siderable part of their existence, multiply them- 
selves by means of a kind of internal budding, the 
buds being developed into essentially non-sexual 
animals, which are neither male nor female ; tiny 
become converted into young which rt*- 

peat the process, and their offspring after them, 
and so on again ; you may go on for nine or ten, 
or even twenty or more successions ; and there is no 
very good reason to say how soon it might terminattj, 
or how long it might not go on if the propt‘r (ion- 
ditions of warmth and nourishment were kept up. 

Sexual reproduction is quite a distinct mattcT. 
Here, in all these cases, what is n‘({uired is the 
detachment of two portions of the parental 
organisms, which portions wo know as the (jgg 
or the spermatozoon. In plants it is the ovule 
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and the pollen-grain, as in the flowering plants, oi 
the ovule and the antherozooid, as in the flower- 
less. Among all forms of animal life, the sperma- 
tozoa proceed from the male sex, and the egg is 
the product of the female. Now, what is remark- 
able about this mode of reproduction is this, that 
tho egg by itself, or the spermatozoa by themselves, 
are unable to assume the parental form ; but ii 
they be brought into contact with one another, 
the effect of the mixture of organic substances 
proceeding from two sources appears to confer an 
altogether new vigour to the mixed product. This 
process is brought about, as we all know, by the 
sexual intercourse of the two sexes, and is called 
tho act of impregnation. The result of this act 
on tho part of the male and female is, that the 
formation of a new being is set up in the ovule or 
egg ; this ovule or egg soon begins to be divided 
and subdivided, and to be fashioned into various 
complex organs, and eventually to develop into 
tho form of one of its parents, as I explained in 
the first lecture. These are the processes by 
which tlio perpetuation of organic beings is secured. 
Why there should be the two modes— -why this 
ro-invigoration should be required on the part of 
the female element we do not know ; but it is most 
assuredly the fact, and it is presumable, that, how- 
ever long the process of non-sexual multiplication 
could be continued— I say there is good reason to 
believe that it would come to an end if a new 
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commencement were not obtained by a conjunc- 
tion of the two sexual elements. 

That character which is common to these two 
distinct processes is this, that, whether we con- 
sider the reproduction, or perpetuation, or modifica- 
tion of organic beings as they take place non-sexu* 
ally, or as they may take place sexually — in either 
case, I say, the ofispring has a constant tendency 
to assume, speaking generally, the character of 
the parent. As I said just now, if you take a slip 
of a plant, and tend it with care, it will eventually 
grow up and develop into a plant like that from 
which it had sprung; and this tendency is so 
strong that, as gardeners know, this mode of 
multiplying by means of cuttings is the only secure 
mode of propagating very many varieties of plants ; 
the peculiarity of the primitive stock seems to bo 
better preserved if you propagate it by means of a 
slip than if you resort to the sexual mode. 

Again, in experiments upon the lower animals, 
such as the polype, to which I have referred, it is 
most extraordinary that, although cut up into 
various pieces, each particular piece will grow up 
into the form of the primitive stock ; the head, if 
separated, will reproduce the body and the tail; 
and if you cut off the tail, you will find that that 
will reproduce the body and all -the rest of the 
members, without in any way deviating from the 
plan of the organism from which these portions 
have been detached. And so far does tliis go, that 
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some experimentalists have carefully examined the 
lower orders of animals,— among them the Abb4 
Spallanzani, who made a number of experiments 
upon snails and salamanders,— and have found 
that they might mutilate them to an incredible’ 
extent; that you might cut off the jaw or the 
greater part of the head, or the leg or the tail, and 
repeat the experiment several times, perhaps cut- 
ting off the same member again and again ; and 
yet each of those types would be I'eproduced 
according to the primitive type : Nature making 
no mistake, never putting on a fresh kind of leg, 
or head, or tail, but always tending to repeat and 
to return to the primitive type. 

It is the same in sexual reproduction ; it is a| 
matter of perfectly common experience, that the | 
tendency on the part of the offspring always is,? 
speaking broadly, to reproduce the form of thei 
parents. The proverb has it that the thistle does [ 
not bring forth grapes ; so, among ourselves, there: 
is always a likeness, more or less marked and dis- 
tinct, between children and their parents. That is ^ 
a matter of familiar and ordinary observation. ’We; 
notice the same thing occurring in the cases of the 
domestic animals— dogs, for instance, and their? 
offspring. In all these cases of propagation andj 
perpetuation, there seems to be a tendency in th^ 
offspring to take the characters of the parental 
organisms. To that tendency a special name is given 
^ — and as I may very often use it, I will write it 
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up here on this black-board that you may remem- 
ber it — it is called Atavmn ; it exi)rosses this 
tendency to revert to the ancestral typo, and comes 
from the Latin word atcmis^ ancestor. 

Well, this Atavism which I shall spc^ak of, is, as 
I said before, one of the most marked and striking 
tendencies of organic beings; but, side by sides 
with this hereditary tendency there is an C(|urilly 
distinct and remarkable tendency to varitition. 
The tendency to reproduce the original stock has, 
as it were, its limits, and side by side with it there 
is a tendency to vary in certain directions, as if 
there were two opposing powers working upon the 
organic being, one tending to take it in a straight 
lino, and the other tending to make it diverge 
from that straight line, first to one side and then 
to the other. 

So that you see these two tcn<lcncios need not 
precisely contradict one anotlicr, jis the ultiiuat(} 
result may not always be very remote from what 
would have boon the case if the lino had beem (lui to 
straight. 

This tendency to variation is loss marked in that 
mode of propagation which takes pJaco non-soxu- 
ally ; it is in that mode that the minor charaettu's of 
animal and vegetable structures arc inost com- 
pletely preserved. Still, it will happen sometimes, 
that the gardener, when he has planted a cutting 
of some favourite plant, will find, contrary to his 
expectation, that the slip grows uj) a little difiFereixt 
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from tie primitive stock— that it produces flowers 
of a different colour or make; or some deviation 
in one way or another. This is what is called the : 
sporting of plants. 

In animals the phenomena of non-sexual pro- 
pagation are so obscure, that at present we cannot 
be said to know much about them |but if we turnto 
that mode of perpetuation which results from the 
sexual process, then we find variation a perfectly 
constant occurrence, to a certain extent ; and, in- i 
deed, I think that a certain amount of variation : 
from the primitive stock is the necessary result of 
the method of sexual propagation itself ; for, inas- 
much as the thing propagated proceeds from two 
organisms of different sexes and different makes ’ 
and temperaments, and as the offspring is to be 
either of one sex or the other, it is quite clear that : 
it cannot be an exact diagonal of the two, or it 
would be of ho sex at all ; it cannot be an exact 
intermediate form between that of each of its i 
parents— it must deviate to one side or the other. I 
You do not find that the male follows the precise 
type of the male parent, nor does the female al- i 
way's inherit the precise characteristics of the i 
mother,-— there is always a proportion of the female ' 
character in the male offspring, and of the male I 
character in the female offspring. That must be quite I 
plain to all of you who have looked atall attentively | 
on your own children or those of your neighbours; e 
you will have noticed how very often it may hap- ; 
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pen that the son shall exhibit the maternal type 
of character, or the daughter possess the character- 
istics of the father's family. There are all sorts of 
intermixtures and intermediate conditions between 
the two, where complexion, or beauty, or fifty other 
dijfiferent peculiarities belonging to cither side of 
the house, are rei^roducod in other members of the 
same family. Indeed, it is sometimes to be re- 
marked in this kind of variation, that the variety 
belongs, strictly speaking, to neither of the im- 
mediate parents ; you will see a child in a family 
who is not like either its father or its mother ; but 
some old person who knew its grandfather or 
grandmother, or, it may be, an uncle, or, perhaps, 
even a more distant relative will see a great 
similarity between the child and one of these. In 
this way it constantly happens that tlie character- 
istic of some previous member of the family comes 
out and is reproduced and recognised in the most 
unexpected manner. 

But apart from that matter of general experience, 
there are some cases which put that curious mix- 
ture in a very clear light. You arc aware that the 
offspring of the ass and the horse, or rather of the 
he-ass and the mare, is what is called a mule ; and, 
on the other hand, the offspring of the stallion 
and the she-ass is what is called a hinny. It is 
a very rare thing in this country to see a hinny. 
I never saw one myself ; hut they have been very 
carefully studied. Now, the curious thing is this, 
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idfhoii.'L'li vitu iiJivo tlio same elements in tlie 
.■x|»-riiiii>iif. in cni-li ciisn, the offspring is entirely 
(lifV«Ti‘iit in chaniclnr, according as the male infln- 
cntT cuiin-s fVciin tlin iiss or the horse. Where the 
ass is tlic nmlc, as in tlie case of the mule, you 
find tliat Uic head is like that of the ass, that the 
oar.s art- long, the fail is tufted at the end, the feet 
art* Miudl, find the voict* is an unmistakable bray; 
fhfsi* an* all points of similarity to the ass; but, 
on flit* otln-r hand, the biirrel of the body and the 
out of tin* ncfk arts much more like those of the 
nian*. Thou, if yim lookat the hinny, — ^the result 
of tin* union of tlai stallion and the sho-ass, then 
yon find it is the horse that has the predominance; 
that, the head is more like that of the horse, the 
ears are shortiT, tho logs coarser, and the type is 
altogether altered ; while tho voice, instead of being 
a bray, is t he ordinary neigh of the horse. Here, 
yon see, is a most curious thing; you take exactly 
the same elements, ass and horse, hut you combine 
the sexes in a different manner, and the result is 
UH Klified m-eorilingly. You have in this case, how- 
ever, a result which is not general and universal — 
then* is usually an important preponderance, but 
not always on the same side. 

Here, th»*u, is one xntiiUigiblo, and, perhaps, 
iie«<<‘SMary of variation : tho fact, that there 
are two is'siis sharing in tho production of the off- 
spring, anil that tho share taken by each is differ- 
ent and vuriahhs not only for each combination, 
V<il.. tl D j> 
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but also for different members of the same 
family. 

Secondly, there is a variation, to a certain ex- 
tent — though, in all probability, the influence of 
this cause has been very much exaggerated — but 
there is no doubt that variation is produced, to a 
cer^in extent, by what are commonly known as 
external conditions, — such as temperature, food, 
warmth, and moisture. In the long run, every 
variation depends, in some sense, upon external 
conditions, seeing that everything has a causes of 
its own. I use the term " external comlitious” 
now in the sense in which it is ordinarily em- 
ployed ; certain it is, that external conditions have 
a definite effect. You may take a plant wluch has 
single flow’^ers, and by dealing with the soil, and 
nourishment, and so on, you may ])y and l)y con- 
vert single flowers into double flowers, and make 
thorns shoot out into branches. You may thicken 
or make various modifications in the shape of the 
fruit. In animals, too, you may produce analogous 
changes in this way, as in tlie case of that d(uj}) 
bronze colour which persons rarely lose aft(*r 
having passed any length of time in tropical coun- 
tries. You may also alter the development of the 
muscles very much, by dint of training; all the 
world knows that exercise has a great eftbet in this 
way ; we always expect to find the arm of a blfu^k- 
smith hard and wiry, and possessing a largxj 
development of tlxo l>rachial muscles. No <loubt 
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training, which is one of the forms of external 
conditions, converts what are originally only in- 
structions, teachings, into habits, or, in other 
words, into organisations, to a great extent ; but 
this second cause of variation cannot be considered 
to be by any means a large one. The third cause 
that I have to mention, however, is a very exten- 
sive one. It is one that, for want of a better 
name, has been called spontaneous variation '’ ; 
which means that when we do not know anything 
about the cause of phenomena, we call it spon- 
taneous. In the orderly chain of causes and 
effects in this world, there are very few things of 
which it can be said with truth that they are 
spontaneous. Certainly not in these phrysical 
matters — in these there is nothing of the kind-— 
everything depends on previous conditions. But 
when we cannot trace the cause of phenomena, 
we call them spontaneous. 

Of these variations, multitudinous as they are, 
but little is known with perfect accuracy. I will 
mention to you some two or three cases, because 
they are very remarkable in themselves, and also 
because I shall want to use them afterwards. 
Reaumur, a famous French naturalist, a great 
many years ago, in an essay which he wrote upon 
the art of hatching chickens— which was indeed a 
very curious essay— had occasion to speak of 
variations and monstrosities. One very remark- 
able case had come under his notice of a variation 

U ^ ^ 
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in the form of a human member, in the person 
of a Maltese, of the name of Gratio Kelleia, who 
was born with six fingers upon each hand, and the 
like number of toes to each of his feet. That 
was a case of spontaneous variation. Nobody 
knows why ho was bom with that number of 
fingers and toes, and as we don't know, wo call it 
a case of '^spontaneous” variation. There is 
another remarkable case also. I select these, 
because they happen to have been observed and 
noted very carefully at the time. It fretpicntly 
happens that a variation occurs, but the persohs 
who notice it do not take any care in noting down 
the particulars, until at length, when inquiries 
come to be made, the exact circumstances are 
forgotten; and hence, multitudinous as may bo 
such " spontaneous ” variations, it is exceedingly 
difficult to get at the origin of them. 

The second case is one of which you may find 
the whole details in the “ Philosophical Transac- 
tions ” for the year 1813, in a paper communicated 
by Colonel Humphrey to the President of the 
Royal Society — " On a now Variety in the Breed 
of Sheep,” giving an account of a very remarkable 
breed of sheep, which at one time was well known 
in the northern states of America, and which 
went by the name of the Ancon or the Otter 
breed of sheep. In the year 1791, there was a 
farmer of the name of Seth Wright in Massa- 
chusetts, who had a Hock of shetjp, consisting of a 
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ram and, I think, of some twelve or thirteen ewes. 
Of this flock of ewes, one at the breeding’-time 
bore a lamb which was very singularly formed ; it 
had a very long body, very short legs, and those 
legs were bowed, I will tell you by and by how 
this singular variation in the breed of sheep came 
to be noted, and to have the prominence that it 
now has. For the present, I mention only these 
two cases ; but the extent of variation in the breed 
of animals is perfectly obvious to any one who has 
studied natural history with ordinary attention, or 
to any person who compares animals with others 
of the same kind. It is strictly true that there 
are never any two specimens which are exactly 
alike; however similar, they will always differ in 
some certain particular. 

Now let us go back to Atavism— to the here- 
ditary tendency I spoke of. What will come of a 
variation when you breed from it, when Atavism 
comes, if I may say so, to intersect variation? 
The two cases of which I have mentioned the 
history give amost excellent illustration of what 
occurs, Gratio Kelleia, the Maltese, married when 
he was twenty-two years of age, and, as I suppose 
there were no six-fingered ladies in Malta, he 
married an ordinary five-fingered person. The 
result of that marriage was four children; the 
first, who was christened Salvator, had six fingers 
and six toes, like his father ; the second was 
George, who had five fingers and toes, but one of 
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them was deformed, showing a tendency to varia- 
tion ; the third was Andr^ ; he had live fingers 
and five toes, quite perfect ; the fourth was a girl, 
Marie ; she had five fingers and five toes, but her 
thumbs were deformed, showing a tendency toward 
the sixth. 

These children grew ii]7, and when they came to 
adult years, they all married, and of course it 
happened that they all married fivc-fuigercd and 
five-toed persons. Now let us see what were the 
results. Salvator had four children; they were 
two boys, a girl, and another boy ; the first two 
boys and the girl were six-fingered and six-toed 
like their gi'andfather ; the fourth boy had only 
five fingers and five toes. George had only four 
children ; there were two girls with six fingers 
and six toes ; there was one girl with six fingers 
and five toes on the right side, and five fingers 
and five toes on the left side, so that she was half 
and half. The last, a boy, had five fingers and 
five toes. The third, Andrfe, you will rocolUset, 
was perfectly well-formed, and he had many 
children whose hands and feet were all regularly 
developed. Marie, the last, who, of course, mar- 
ried a man who had only five fingers, had four 
children ; the first, a boy, was born with six toes, 
but the other three were normal. 

Now observe what very extraordinary phenomena 
are presented here. You have an accidental varia- 
tion giving rise to what you may call a monstrosity ; 
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you liave that monstrosity or variation diluted 
in the first instance by an admixture with 
a female of normal construction, and you would 
naturally expect that, in the results of such an 
union, the monstrosity, if repeated, would be in 
equal proportion with the normal type ; that is to 
say, that the children would be half and half, some 
taking tlie peculiarity of the father, and the others 
being of the purely normal type of the mother ; 
but you see we have a great preponderance of the 
abnormal type. W ell, this comes to be mixed once 
unore with the pure, the normal type, and the ab- 
normal is again produced in large proportion, not- 
withstanding the second dilution. Now what 
would have happened if these abnormal types had 
intermarried with each other; that is to say, sup- 
pose the two boys of Salvator had taken it into 
their heads to marry their first cousins, the two 
first girls of George, their uncle ? You will remem- 
ber that these are all of the abnormal type of their 
grandfather. The result would probably have been, 
that their offspring would have been in every case 
a further development of that abnormal type. You 
see it is only in the fourth, in the person of Marie, 
that the tendency, when it appears but slightly in 
the second generation, is washed out in the third, 
while the progeny of Andr&, who escaped 
first instanea, escape altogether. 

We have in this case a good example of nature*s 
tendency to the perpetuation of a variation. Here 
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it is certainly a variation which carried with it no 
use or benefit ; and yet you see the tendency to 
perpetuation may be so strong, that, notwithstand- 
ing a great admixture of pure blood, the variety 
continues itself up to the third generation, which 
is largely marked with it. In this case, as I have 
said, there was no means of the second generation 
intermarrying with any but five-fingered persons, 
and the question naturally suggests itself. What 
would have been the result of such marriage ? 
Reaumur narrates this case only as far as the third 
generation. Certainly it would have been an ex- 
ceedingly curious thing if we could have traced this 
matter any further ; had the cousins intermarried, 
a six-fingered variety of the human race might 
have been set up. 

To show you that this supposition is by no means 
an unreasonable one, let me now point out what 
took place in the case of Seth Wright’s sheep, 
where it happened to be a matter of moment to 
him to obtain a breed or raise a flock of sheep like 
that accidental variety that I have described — and 
I will tell you why. In that part of Massachusetts 
where Seth Wright was living, the fields were 
separated by fences, and the sheep, which were 
very active and robust, would roam abroad, and 
without much diflSculty jump over these fences in- 
to other people’s farms. As a matter of course, 
this exuberant activity on the part of the sheep 
constantly gave rise to all sorts of quarrels, bicker- 
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iiuil cirtit.eiitions among the farmers of the 
jirighboiirhixMl ; so it occurred to Seth Wright, 
who was, like his successors, more or less ’cute, that 
if ho could got a stock of sheep like those with the 
handy hfgs, they would not be able to jump over 
the fences SI) readily; and he acted upon that idea. 
He Killed his old ram, and as soon as the young 
one arrived at maturity, he bred altogether from 
it . The result was even more striking than in the 
human experiment which I mentioned just now. 
(iolonel Humphreys testifies that it always hap- 
pened that, the offspring wore either pure Ancons 
or pure ordinary shoop ; that in no case was there 
any mixing of the Ancons with the others. In 
eouseiiuenee of this, in the course of a very few 
years, the fariiuir was able to get a very consider- 
able iloitk of this variety, and a large number of 
them were spread throughout Massachusetts. Most 
uuiortiiiiatoly, however— -I suppose it was because 
they were so common— nobody took enough notice 
of tliem to preserve their skeletons; and although 
( !olomd Humphreys states that he sent a skeleton 
to the I’reHulent of the Royal Society at the same 
time that ho forwarded his paper, I am afraid 
that the variety has entirely disappeared; for a 
sliort time afUir these sheep had become prevalent 
in that district, the Merino sheep wore introduced ; 

as their wool was much more valuable, and as 
they were a nuiet race of sheep, and showed no 
teuilency to trosjmss or jump over fences, the Otter 
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breed ofslieep, the woo] of whirli wa»s inf<*rior lo 
that of the M(‘rino, was gradually allo^^(*d to 
<lic out. 

You see that these facts illustrate perfectly well 
what may be done if you takt^ cart; to bnssl from 
stocks that are similar to each other. A ft t*r lia.ving 
got a variation, if, by crossing a variation with tin* 
original stock, you multiply that, vjtriati<ai,and ilnm 
take care to keep that variation distinett fnun tin* 
original stock, and make them bre(^<l togi^tln*!*, — 
then you may almost certainly pro(lut‘.o a. race whose 
teiuloncy to continue the variation is exce(‘dingly 
strong. 

This is what is called “ selection ; and it is by 
exactly the same jirocoss as tliat by which S(‘ih 
Wright bred Ins Ancon sluMjp, that our bree<ls of 
cattle, dogs, and fowls are obtaimsd. Then* are 
some possibilities of exception, but still, s|M‘alcing 
broadly, T may say that tliis is tin? way itt whicli 
all our varied races of domestic animals have* arisen ; 
and you must understand that it is ind. 
peculiarity or one characteristic aloncj in whi<*h 
animals may vary. There is not asingh* p(*(*uliarity 
or characteristic of any kiinl, bodily or m<;ntah in 
which offspring may not vary to a certain exttiut 
from the parent and other animals. 

Among ourselves this is well known. Tlu^ sim- 
plest physical peculiarity is mostly r<^j)rodu(H»d. I 
know a case of a woman who has tie* h»be of one 
of her ears a little flattened. An onlinary olmer- 
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ver scarcely notice it, and yet every one of 

lier children lias an approximation to the same 
})cculiarity to some extent. If you look at the 
other extreme, boo, the gi-avest diseases, such as 
gout, scrofula, and consumption, may be handed 
down with just the same certainty and persistence 
as w(‘ noticed in the perpetuation of the bandy 
legs of the Ancon sheep. 

Howevfu*, these facts are best illustrated in 
animals, and the extent of the variation, as is well 
known, is very remarkable in dogs. For example, 
tlu*re are some dogs very much smaller than others; 
indeed, the variation is so onormoxis that probably 
the smalhist <log would be about the size of the 
of the largest ; there are very great variations 
in thij structural forms not only of the skeleton 
but also in tlie shape of the skull, and in the pro- 
j)ortions of the face and the disposition of the teeth. 

Th(i Pointer, tlie Retriever, Bulldog, and the 
Terri<T differ very greatly, and yet there is every 
n^iiaon to believe that every one of these races 
has arisen from the same source, — that all the 
most important races have arisen by this selective 
breeding from accidental variation. 

A still more striking case of what may be done 
by stdectivo breeding, and it is a better case, be- 
cause there is no chance of that partial infusion of 
error to which T alluded, has been studied very 
carefully by Mr. Darwin, — ^tho case of the domestic 
pigeons. I dare say there may be some among you 
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who may be pigeon fancierSy and I wish you to 
understand that in approaching the subject, I would 
speak with all humility and hesitation, as I regret 
to say that I am not a pigeon fancier. I know it 
is a great art and mystery, and a thing upon which 
a man must not speak lightly ; but I shall en- 
deavour, as far as my understanding goes, to give 
you a summary of the published and unpublished 
information which I have gained from Mr. Darwin, 
Among the enormous variety, — I believe tliere 
are somewhere about a hundred and fifty kinds of 
pigeons, — there are four kinds which may be se- 
lected as representing the extremest divergences 
of one kind from another. Their names are the 
Carrier, the Pouter, the Fantail, and the Tumbler, 
In these large diagrams that I have here tlnjy are 
each represented in their relative sizes to eacli 
other. This first one is the Carrier; you will 
notice this large excrescence on its beak ; it has a 
comparatively small head ; there is a bare space 
round the eyes ; it has a long nock, a very long 
beak, very strong legs, large feet, long wings, and 
so on. The second one is the Pouter, a very large 
bird, with very long legs and beak. It is called 
the Pouter because it is in the habit of causing its 
gullet to swell up by inflating it with air. I shouhl 
tell you that all pigeons have a tendency to do this 
at times, but in the Pouter it is carried to an 
enormous extent. The birds appear to bo quite 
proud of their power of swelling and puffing them- 
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selves out in this way ; and I think it is about as 
droll a sight as you can well see to look at a cage 
full of these pigeons puffing and blowing them- ? 
selves out in this ridiculous manner. | 

This diagram is a representation of the third i 
kind I naentioned— the Fantail. It is, you see, a - 

small bird, with exceedingly small legs and a very : 
small beak. It is most curiously distinguished by 
the size and extent of its tail, which, instead of 
containing twelve feathers, may have many more, 

— say thirty, or even more— I believe there are ,, 
some with as many as forty-two. This bird has a 
curious habit of spreading out the feathers of its 
tail in such a way that they reach forward and j 
touch its head ; and if this can be accomplished, I 
believe it is looked upon as a point of great beauty. ! 

But here is the last great variety, — ^the Tumbler; 
and of that great variety, one of the principal 
kinds, and one most prized, is the specimen repre- ' 
sented here— the short-faced Tumbler. Its beak, . 
you see, is reduced to a mere nothing. Just com- 
pare the beak of this one and that of the first one, , 
the Carrier — I believe the orthodox comparison of • 
the head and beak of a thoroughly well-bred Turn- 1 
bier is to stick ah oat into a cherry, and that will j 
give you the proper relative proportions of the j 
beak and head. The feet and legs are exceedingly | 
small, and the bird appears to be quite ‘a dii^arf I 
when placed side by side with this great Carrier. - 
These are differences enough in regard to their f 
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external appearance ; but these differences are by 
no means the wliole or even the most important of 
the differences which obtain between these birds. 
There is hardly a single point of their structure 
which has not become more or less altered ; and to 
give you an idea of how extensive these alterations 
are, I have here some very good skeletons, for which 
I am indebted to my friend, Mr. Tegetmcier, a 
great authority in these matters; by means of 
which, if you examine them by and by, you will 
be able to see the enormous difference in their 
bony structures. 

I had the privilege, some time ago, of access to 
some important MSS. of Mr. Darwin, who, I may 
tell you, has taken very great pains and spent 
much valuable time and attention on the investi- 
gation of these variations, and getting together all 
the facts that bear upon them. I obtained from 
these MSS. the following summary of the differ- 
ences between the domestic breeds of pigeons; 
that is to say, a notification of the various points 
in which their organisation differs. In the first 
place, the back of the skull may differ a good deal, 
and the development of the bones of the face may 
vary a great deal ; the back varies a good deal ; 
the shape of the lower jaw varies; the tongue 
varies very greatly, not only in correlation t(j the 
length and size of the beak, but it soeins also to 
have a kind of independent variation of its own. 
Then the amount of naked skin round the eyes, 
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and at the base of the beak, may vary enormously ; 
so may the length of the eyelids, the shape of the 
nostrils, and the length of the neck. I have al- 
ready noticed the habit of blowing out the gullet, 
so remarkable in the Pouter, and comparatively so 
in the others. There are great differences, too, in 
the size of the female and the male, the shape of 
the body, the number and width of the processes 
of the ribs, the development of the ribs, and the 
size, shape, and development of the breastbone. 
We may notice, too— and I mention the fact be- 
cause it has been disputed by what is assumed to 
be high authority,— the variation in the number 
of the sacral vertebrae. The number of these 
varies from eleven to fourteen, and that without 
any diminution in the number of the vertebrae of 
the back or of the tail Then the number and 
position of the tail-feathers may vary enormously, 
and so may the number of the primary and seeond- 
axy feathers of the wings, jigain, the length of 
the feet and of the beak, ^although they have no 
relation to each other, yet appearto go together,— 
that is, you have a long beak wherever you have 
long feet. There are differences also in the 
periods of the acquirement of the perfect plum- 
gige_the size and shape of the eggs— the nature 
of flight, and the powers of flight — so-called 
'' homing T birds having enormous flying powers ; ^ 

i X leara from Mr. Xegetmeier, does not 

Mn§';but a .|)oor '.ftier, ' 
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■wliilc, on the other hand, the little Tumbler is so 
called because of its extraordinary faculty of turn- 
ing head over heels in the air, instead of pursuing 
a direct course. And, lastly, the dispositions and 
voices of the birds may vary. Thus the case of 
the pigeons shows you tliat there is hardly a 
single particular — whether of instinct, or habii., 
or bony structure, or of plumage — of cithcT the 
internal economy or the external shape, in which 
some variation or change may not take placid, 
which, by selective breeding, may become perpetu- 
ated, and form the foundation of, and give rise to, 
a new race. 

If you carry in your mind’s eye these four 
varieties of pigeons, you will bear with you as 
good a notion as you can have, pcrliaps, of tlio 
enormous extent to which a deviation from a 
primitive type may be carried by means of this 
process of selective breeding. 

Tho birds which fly long distances, and comn home— ** homing " 
birds — and aro consoqtxontlyused as carriers, are not ** carriers*' 
in the fancy sense. 
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THE CONDITIONS OF EXISTENCE AS AFFECTING 
THE PERPETUATION OF LIVING BEINGS. 

In the last Lecture I endeavoured to prove to 
you that, while, as a general rule, organic beings 
tend to reproduce their kind, there is in them, 
also, a constantly recurring tendency to vary— to: 
vary to a greater or to a less extent. Such a J 
variety; I pointed out to you, might arise from j 
causes which we do not understand ; we there- [ 
fore called it spontaneous ; and it might come [ 
into existence as a definite and marked thing, J 
without any gradations between itself and the ^ 
form which preceded it. I further pointed out, i 
that such a variety having once arisen, might be j 
perpetuated to some extent, and indeed to a very ! 
marked extent, without any direct interference, or ; 
without any exercise of that process which we ^ 
called selection. And then I stated further, that | 
by such selection, when exercised artificially--if | 
you took care to breed only from those forms ; 
which presented the same peculiarities of any j 
,:VOL.'ii: H 
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variety wliicli had arisen in this manner — the 
variation might he perpetuated, as far as we can 
see, indefinitely. 

The next question, and it is an important one 
for us, is this : Is there any limit to the amount 
of variation from the primitive stock which can 
be produced by this process of selective breeding ? 
In considering this question, it will be useful to 
class the characteristics, in respect of whicli 
organic beings vary, under two heads : wo may 
consider structural characteristics, and we may 
consider physiological characteristics. 

In the first place, as regards structural charac- 
teristics, I endeavoured to show you, by the 
skeletons which I had upon the table, and by 
reference to a great many well-ascertained facts, 
that the different breeds of Pigeons, the Carriers, 
Pouters, and Tumblers, might vary in any of their 
internal and important structural characters to a 
very great degree ; not only might there be changes 
in tlie proportions of the skull, and the characters 
of the feet and beaks, and so on ; but that there 
might be an absolute difference in the number of 
the vertebrae of the back, as in the sacral vertebrai 
of the Pouter ; and so great is the extent of the 
variation in these and similar characters that I 
pointed out to you, by reference to the skeletons 
and the diagrams, that these extreme varieties 
may absolutely differ more from one another in 
their structural characters than do what naturalists 
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call distinct Species of pigeons ; that is to say, 
tliat they differ so much in structure that there is 
a greater difference between the Pouter and the 
Tumbler than there is between sneh wild and dis- 
tinct forms as the Rock Pigeon or the Ring Pigeon, 
or the Ring Pigeon and the Stock Dove ; and 
indeed the differences are of greater value than 
this, for the structural differences between these 
domesticated pigeons are such as would he ad- 
mitted by a naturalist, supposing he knew nothing 
at all about their origin, to entitle them to con- 
stitute even distinct genera. 

As I have used this term Species, and shall prob- 
ably ttse it a good deal, I had better perhaps devote 
a word or two to explaining what I mean by it. 

Animals and plants are divided into groups^ 
wliicli become gradually smaller, beginning with 
a Kihobom, which is divided into Stjb-Kihgdoms ; 
tlien come the smaller divisions called Pbovinoes ; 
and so on from a Peovihce to a Class, from a 
Clabb to an Oedee, from Oebers to Families, 
and from these to Geneea, until we come at 
length to the smallest groups of animals w;hich 
can be defined one from the other by constant 
characters, which are not sexual; and these are 
what naturalists call Species in practice, whatever 
they/inay'' do in 'theory.'-' . '■/: 

If, in a state of nature, you find any two groups 
of living beings, which are separated one frora^ the 
other by some ix^nsiantly^reourring characteristic, 

' e''e' '2 ■■■.■ 
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I don’t care how slight and trivial, so long as it is 
defined and constant, and does not depend on 
sexual peculiarities, then all naturalists agree in 
calling them two species ; that is what is meant 
by the use of the word species — that is to say, it 
is, for the pi’actical naturalist, a mere question of 
structural differences.^ 

We have seen now — ^to repeat this point once 
more, and it is very essential that we should 
rightly understand it — ^we have seen that breeds, 
knoAvn to have been derived from a common stock 
by selection, may be as different in their structure 
from the original stock as species may be distinct 
from each other. 

But is the like true of the physiological charac- 
teristics of animals ? Do the physiological differ- 
ences of varieties amount in degree to those 
observed between forms wliich naturalists call 
distinct species ? This is a most important point 
for us to consider. 

As regards the great majority of physiological 
characteristics, there is no doubt that they are 
capable of being developed, increased, and modi- 
fied by selection. 

There is no doubt that breeds may be made as 
different as species in many physiological charac- 
ters. I have already pointed out to you very 

^ I lay stress here on the signification of ** Species." 

Whether a physiological test between species exist or not, it is 
hardly ever applicable by the practical naturalist. 
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briefly the different habits of the breeds of 
Pigeons, all of which depend upon their physio- ; 
logical peculiarities — as the peculiar habit of ^ 
tumbling, in the Tumbler— the peculiarities of J 
flight, in the “ homing ” birds— the strange habit | 
of spreading out the tail, and walking in a peculiar j 
fashion, in the Fantail — and, lastly, the habit of ! 
blowing out the gullet, so characteristic of the i 
Pouter. These are all due to physiological modifi- 
cations, and in all these respects these birds differ : 
as much from each other as any two ordinary 
species do. 

So with Dogs in their habits and instincts. It ; 
is a physiological peculiarity which leads the ; 
Greyhound to chase its prey by sight— that enables j 
the Beagle to track it by the scent— that impels j 
the Terrier to its rat-hunting propensitji^-^d | 
that leads the itetriever to its habit of retrieving. ^ 
These habits and instincts are all the results of ] 
physiological differences and peculiarities, which | 
ha/ve been developed from a common stock, at j 
least there is every reason to believe so. But it 1 
is a ;hi^t singular circumstance, that while you : 

through almost the whole series of ; 
physiological processes, without finding a check to 
^OUr ^gument, you come at last to a point where | 
ybu do find a check, and that is in the reproduc- 1 
For there is a most singular cir- 1 
Mmstance in respect to natural species— at least J 
about some of them — and it would be sufficient j 
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for the purposes of this argument if it were true 
of only one of them, hut there is, in fact, a great 
number of such cases — and that is, that, similar 
as they may appear to be to mere races or breeds, 
they present a marked peculiarity in the repro- 
ductive process. If you breed from the male and 
female of the same race, you of course have off- 
spring of the like kind, and if you make the off- 
spring breed together, you obtain the same result, 
and if you breed from these again, you will still 
have the same kind of offspring; there is no 
check. But if you take members of two distinct 
species, however similar they may be to each other, 
and make them breed together, you will find a 
check, with some modifications and exceptions, 
however, which I shall speak of presently. If 
you cross two such species with each other, then 
— although you may get offspring in the case of 
the first cross, yet, if you attempt to breed from 
the products of that crossing, which are what are 
called Hybrids — ^that is, if you couple a male 
and a female hybrid — ^then the result is that in 
ninety-nine cases out of a hundred you will 
get no offspring at all ; there will be no result 
whatsoever. 

The reason of this is quite obvious in some 
cases ; the male hybrids, although possessing all 
the external appearances and characteristics of 
perfect animals, are physiologically imperfect and 
deficient in the structural parts of the reproductive 
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elements necessary to generation. It is said to 
be invariably the case with the male mule, the 
cross between the Ass and the Mare; and hence 
it is, that, although crossing the Horse with the 
Ass is easy enough, and is constantly done, as fai 
as I am aware, if you take two mules, a male and 
a female, and endeavour to breed from them, you 
get no offspring whatever ; no generation will take 
place. This is what is called the sterility of the 
hybrids between two distinct species. 

You see that this is a very extraoi-dinary cir- 
cumstance ; one does not see why it should be, 
The common teleological explanation is, that it is 
to prevent the impurity of the blood resulting 
from the crossing of one species with another, hul 
you sec it does not in reality do anything of the 
kind. Tlicre is nothing in this fact that hybrids 
cannot breed with each other, to establish such a 
theory; there is nothing to pi'event the Horse 
breeding with the Ass, or the Ass with the Horse. 
So tliat this explanation breaks down, as a great 
many explanations of this kind do, that are only 
founded on mere assumptions. 

Thus you see that there is a great difference 
between ''mongrels,” which are crosses between 
distinct races, and "hybrids,” which are crosses 
between distinct species. The mongrels are, sc 
far as wo know, fertile with one another. But 
between species, in many cases, you cannot suc- 
ceed in obtaining even the first cross ; at any rate 
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it is quite certain that the hybrids are often abso- 
lutely infertile one with another. 

Here is a feature, then, great or small as it may 
be, which distinguishes natural species of animals. 
Can we find any approximation to this in the 
different races known to be produced by selective 
breeding from a common stock ? Up to the 
present time the answer to that question is abso- 
lutely a negative one. As far as we know at 
present, there is nothing approximating to this 
check. In crossing the breeds between the Fan- 
tail and the Pouter, the Carrier and the Tumbler, 
or any other variety or race you may name — so far 
as we know at present — there is no difficulty in 
breeding together the mongrels. Take the Carrier 
and the Fantail, for instance, and let them repre- 
sent the Horse and the Ass in the case of distinct 
species; then you have, as the result of their breed- 
ing, the Carrier-Fantail mongrel, — wo will say the 
male and female mongrel, — and, as far as wo know, 
these two when crossed would not be less fertile 
than the original cross, or than Carrier with Car- 
rier. Here, you see, is a physiological contrast 
between the races produced by selective modifica- 
tion and natural species. I shall inquire into the 
value of this fact, and of some modifying circum- 
stances by and by ; for the present I merely put 
it broadly before you. 

But while considering this question of the limi- 
tations of species, a word must be said about what 
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is called Eecurrence— the teadency of races 
which have been developed by selective breeding 
from varieties to return to their primitive type. 
This is supposed by many to put an absolute limit 
to the extent of selective and all other variations. 
People say, It is all very well to talk about pro- 
ducing these different races, hut you know very 
well that if you turned all these birds wild, these 
Pouters, and Carriers, and so on, they would all re- 
turn to their primitive stock.” This is very com- 
monly assumed to be a fact, and it is an argument 
that is commonly brought forward as conclusive ; 
but if you will take the trouble to inquire into it 
rather closely, I think you will find that it is not 
worth very much. The first question of course is. 
Do they thus return to the primitive stock ? And 
commonly as the thing is assumed and accepted, 
it is extremely diflBcult to get anything like good 
evidence of it. It is constantly said, for exampie; 
that if domesticated Horses are turned wild, as 
they have been in some parts of Asia Minor and 
South America, that they return at onde to the 
primitive stock from which they were bred. But 
tho first answer that you make to this assumption 
is, to ask who knows what the primitive stock 
was ; and the second answer is, that in that case ' 
the wild Horses of Asia Minor ought to i 

like the wild Homes of South AmeHi^ ' 
are both like the same thing, they Ought manh 
festly to be like each other ! The best authorities, 
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however, tell you that it is quite different. The 
wild Horse of Asia is said to be of a dun colour, 
with a largish head, and a great many other pe- 
culiarities ; while the best authorities on the wild 
Horses of South America tell you that there is no 
similarity between their wild Horses and those of 
Asia Minor ; the cut of their heads is very differ- 
ent, and they are commonly chestnut or bay- 
coloured. It is quite clear, therefore, that as by 
these facts there ought to have been two primitive 
stocks, they go for nothing in support of the as- 
sumption that races recur to one primitive stock, 
and so far as this evidence is concerned, it falls to 
the ground. 

Suppose for a moment that it wore so, and 
that domesticated races, when turned wild, did 
return to some common condition, I cannot see 
that this would prove much more than that simi- 
lar conditions are likely to produce similar results ; 
and that when you take back domesticated ani- 
mals into what we call natural conditions, you do 
exactly the same thing as if you carefully undid 
all the work you had gone through, for the pur- 
pose of bringing the animal from its wild to its 
domesticated state. I do not see anything very 
wonderful in the fact, if it took all that trouble to 
get it from a wild state, that it shoxild go back in- 
to its original state as soon as you removed the 
conditions which produced the variation to the 
domesticated form. There is an important fact, 
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however, forcibly brought forward by Mr. Darwin, 
which has been noticedin connection with thebreed- 
ing of domesticated pigeons ; and it is, that how- 
ever different these breeds of pigeons may be from 
each other, and we have already noticed the great 
differences in these breeds, that if, among any of 
those variations, you chance to have a blue pigeon 
turn up, it will be sure to have the black bars 
across the wings, which are characteristic of the 
original wild stock, the Rock Pigeon. 

Now, this is certainly a very remarkable cir- 
cumstance; but I do not see myself how it tells 
very strongly either one way or the other. I 
think, in fact, that this argument in favour of re- 
currence to the primitive type might prove a great 
deal too much for those who so constantly bring it 
forward. For example, Mr. Darwin has very for- 
cibly urged, that nothing is commoner than if you 
examine a dun horse— and I had an opportunity 
of verifying this illustration lately while in the 
islands of the West Highlands, where there are a 
great many dun horses— to find that horse exhibit 
a long black stripe down his back, very often 
stripes on Ins shoulder, and very often stripes on 
bis legs. myself, saw a pony of this description 
a short time ago, in a baker's cart, near Rothesay, 
in Bute : it had the long stripe down the |itek, 
and stripes on the shoulders and legs, Mte 
those of the Ass, the Quagga, and the Zebra. 
NoW; if we interpret the theory of recurrence as 
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applied to this case, might it not be said that here 
was a case of a variation exhibiting tlie characters 
and conditions of an animal occupying something 
like an intermediate position between the Horse, 
the Ass, the Quagga, and the Zebra, and from 
which these had been developed ? In the same 
way with regard even to Man. Every anatomist 
will tell you that there is nothing commoner, m 
dissecting the human body, than to meet with 
what are called muscular variations — ^that is, if 
you dissect two bodies very carefully, you will prob- 
ably find that the modes of attachment and in- 
sertion of the muscles are not exactly the same in 
both, there being great peculiarities in the mode 
in which the muscles are arranged ; and it is very 
singular, that in some dissections of the human 
body you will come upon arrangements of the 
muscles very similar indeed to the same j^arts 
in the Apes. Is the conclusion in that case 
to be, that this is like the black bars in the case 
of the Pigeon, and that it indicates a recurrence 
to the primitive type from which the animals 
have been probably developed ? Truly, I think 
that the opponents of modification and variation 
had better leave the argument of recurrence 
alone, or it may prove altogether too strong for 
them. 

To sum up, — the evidence as far as wo have 
gone is against the argument as to any limit to 
divergences, so far as structure is conceriicd ; and 
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in favour of a physiological limitation. By selec- 
tive breeding we can produce structural diver- 
gences as great as those of species, but we cannot 
produce equal physiological divergences. For the 
present I leave the question there. 

Now, the next problem that lies before us— and 
it is an extremely important one — is this : Does 
this selective breeding occur in nature ? Because 
if there is no proof of it, all that I have been tell- 
ing you goes for nothing in accounting for the 
origin of species. Are natural causes competent 
to play the part of selection in perpetuatino* 
varieties ? Here we labour under very great 
difficulties. In the last lecture I had occasion to 
point out to you the extreme difficulty of obtain- 
ing evidence even of the first origin of those 
varieties which we know to have occurred in 
domesticated animals. I told you, that almost al- 
ways the origin of these varieties is overlooked, so 
that I could only produce two or three cases, as 
that of Gratio Kelleia and of the Ancon sheep. 
People forget, or do not take notice of them' until 
they come to have a prominence ; and if that is 
true of artificial cases, under our own eyes, and in 
animals in our own care, how much more difficult 
it must be to have at first hand good evidence of 
the origin of varieties in nature ! Indeed, I do 
not know that it is possible by direct evidence to 
prove the origin of a variety in nature, dr to prove 
selective breeding ; but I will tell you what we 
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can prove — and thi:5 comes to the same thing — 
that varieties exist in nature ^vitUin the limits of 
species, and, what is more, that wlien a variety has 
come into existence in nature, there are natural 
causes and conditions, which ai*e amply competent 
to play the part of a selective breeder ; and al- 
though that is not quite the cwideuce that one 
would like to have — ^though it is not direct testi- 
mony — yet it is exceeding good and exceedingly 
powerful evidence in its way. 

As to the first point, of varieties existing 
among natural species, I might appeal to the 
universal experience of every naturalist, and of 
any person who has ever turned any attention 
at all to the characteristics of plants and animals 
in a state of nature; hut I may as well take 
a few definite cases, and I will begin with Man 
himself. 

I am one of those who believe tliat, at present, 
there is no evidence whatever for saying, that man- 
kind sprang originally from anymore tlian a single 
pair ; I must say, that I cannot sue any good 
ground whatever, or even any tenable sort of evi- 
dence, for believing that there is more than one 
species of Man. Nevertheless, as you know, just 
as there are numbers of varieties in animals, so 
there are remarkable varieties of men. I speak 
not merely of those broad and distinct variiitions 
which you see at a glance. Everybody, of C(3urso, 
knows the difference between a Negro and a white 
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man, and can tell a Chinaman from an English- 
man. They each have peculiar characteristics of 
colour and physiognomy; but you must recollect 
that the characters of these races go very far 
deeper — ^they extend to the bony structure, and to 
the characters of that most important of all organs 
to us — the brain ; so that, among men belonging 
to different races, or even within the same race, 
one man shall have a brain a third, or half, or even 
seventy per cent, bigger than another ; and if you 
take the whole range of human brains, you will 
find a variation in some cases of a hundred per 
cent. Apart from these variations in the size of 
the brain, the characters of the skull vary. Thus 
if I draw the figures of a Mongol and of a Negro 
head on the blackboard, in the case of the last the 
breadth would be about seven-tenths, and in the 
other it would be nine-tenths of the total length. 
So that you see there is abundant evidence of 
variation among men in their natural condition. 
And if you turn to other animals there is just the 
same thing. The fox, for example, which has a 
very large geographical distribution all over 
Europe, and parts of Asia, and on the American 
Continent, varies greatly. There are mostly large 
foxes in the North, and smaller ones in the South. 
In Germany alone the foresters reckon some eight 
different sorts. 

Of the tiger, no one supposes that there is more 
than one species ; they extend from the hottest 
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parts of Bengal, into the dry, cold, bitter steppes 
of Siberia, into a latitude of 50°, — so that they may 
even prey upon the reindeer. These tigers have 
exceedingly different characteristics, but still they 
all keep their general features, so tliat there is no 
doubt as to their being tigers. The Siberian 
tiger has a thick fur, a small inane, and a longi- 
tudinal stripe down the back, while the tigers of 
Java and Sumatra differ in many important re- 
spects from the tigers of Northern Asia. So lions 
vary ; so birds vary ; and so, if you go further back 
and lower down in creation, you find that fishes 
vary. In different streams, in the sumo country 
even, you will find the trout to be quite different 
to each other and easily recognisable by those who 
fish in the particular streams. There is the same 
differences in leeches ; leech collectors can easily 
point out to you the differences and the peculiari- 
ties which you yourself would probably pass by j 
so with fresh-water mussels; so, in fact, with every 
animal you can mention. 

In plants there is the same kind of variation. 
Take such a case even as the common bramble. 
The botanists are all at war about it; some of 
them wanting to make out that there are many 
species of it, and others maintaining that they are 
but many varieties of one species ; ami they can- 
not settle to this day which is a species and which 
is a variety ! 

So that there can be no doubt whatsoever that 
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any plant and any animal may vary in nature 
that varieties may arise in the way I have describe^ 
— as spontaneous varieties — and that those varie 
ties may be perpetuated in the same way that 
have shown you spontaneous varieties are perpetu 
ated I say, therefore, that there can be no doub 
as to the origin and perpetuation of varieties ii 
nature. 

But the question now is ; — Does selection tak< 
place in nature ? Is there anything like th( 
operation of man in exercising selective breeding 
taking place in nature ? You will observe that 
at present, I say nothing about species ; I wish tc 
confine myself to the consideration of the pro- 
duction of those natural races which everybodj 
admits to exist. The question is, whether in 
nature there are causes competent to produce 
races, just in the same way as man is able to pro- 
duce by selection, such races of animals as we 
have already noticed. 

When a variety has arisen, the Conditions of 
Existence are such as to exercise an influence 
which is exactly comparable to that of artificial 
selection. By Conditions of Existence I mean 
two things — ^there are conditions which are fur- 
nished by the physical, the inorganic world, and 
there are conditions of existence which are fur- 
nished by the organic world. There is, in the first 
place. Climate ; under that head I include only 
temperature and the varied amount of moisture 
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of particular places. In the next ])lace tlierc^ is 
what is techuically called Station, \shich niertns 
— ^given the climate, the particular kind of place 
in which an animal or a 2>laut lives or grows ; for 
example, the station of a lish is in the water, of a 
frcsh-watcr fish in fresh \vater; the station of a 
marine fish is in the sea, and a marine animal 
may have a station higher or dec‘]>er. So again 
with land animals; the difierences in their stations 
are those of different soils and neighb(mrh(a>ds ; 
some ])eing best adapted to a calcareous, and 
others to an arimaceons soil. The third contliiion 
of existence is Food, by which I nienn food in 
the broa<l(*st s<inse, the supply (ff tlu 5 materials 
necessary to the existence of an organic being ; in 
th(‘ case of a plant the inorganic m.atters, sutih as 
carbonic acid, water, ammonia, and the (earthy 
salts or salines ; in the case of the animal tln^ in* 
organic and organic matters, which we have 
they ; tlnm are all, at least the first 

two, what we may call the inorganic or physical 
conditions of existence. Food takes a mid-place, 
and then come tlie organic conditions; by which 
I mean the conditions wln<ih dojjoud upoii the 
state of the rest of tho organic creation, upon the 
number and kind of living beings, with which an 
animal is surrounded. You may class fln^sc under 
two heads; there are organic beings, which operati* 
as opponents, and there arc^ organic boitjgs which 
operate as M2WS to atiy given organic <*roattire. 
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The opponents may be of two kinds : there are 
the indirect oppo7ients, which are what we may 
call rivals; and there are the dwect opponents^ 
those which strive to destroy the creature ; and 
these we call enemies. By rivals I mean, of course, 
in the case of plants, those which require for their 
support the same kind of soil and station, and, 
among animals, those which require the same kind 
of station, or food, or climate ; those are the in- 
direct opponents ; the direct opponents are, of 
course, those which prey upon an animal or 
vegetable. The helpers may also be regarded as 
direct and indirect : in the case of a carnivorous 
animal, for example, a particular herbaceous plant 
may, in multiplying, be an indirect helper, by en- 
abling the herbivora on which the carnivore preys 
to get more food, and thus to nourish the carnivore 
more abundantly ; the direct helper may be best 
illustrated by reference to some parasitic creature, 
such as the tape-worm. The tape-worm exists in 
the human intestines, so that the fewer there are 
of men the fewer there will be of tape-worms, 
other things being alike. It is a humiliating re- 
flection, perhaps, that we may be classed as direct 
helpers to the tape-worm, but the fact is so : we 
can all see that if there were no men there would 
be no tape-worms. 

It is extremely difficult to estimate, in a proper 
way, the importance and the working of the Con- 
ditions of Existence. I do not think there were 
any of us who had the remotest notion of properly 
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estimating tliem until the publication tif Mr, 
Darwin’s work, which lias placed thr iii before us 
with remarkable clearness ; and I. innst endeavour, 
as far as I can in my own fashion, to give you 
some notion of how they w'ork. We sliall find it 
easiest to take a simple case, and one as free .as 
possible from every kind of complication. 

I will suppose, therefore, that all the habitalde 
part of this globe — the dry land, amounting to 
about 61,000,000 square iuile.s — I will supfwse 
that the whole of that dry land lias the same 
climate, and that it is composed of the same kind 
of rock or soil, so that there will bo the same 
station everywhere ; we thus get rid of the peculiar 
influence of different climates and stations. I 
will then imagine that tliere shall be but one 
organic being in the world, and that shall he a 
plant. In this wo start fair. Its food is to be 
carbonic acid, water and ammonia, and the saline 
matters in the soil, which are, by the supposition, 
everywhere alike. We take one single plant, 
with no opponents, no helpers, and ho rivals ; it is 
to be a “ fair field, and no favour.” Now, I will 
ask you to imagine further that it shall be a plant 
which shall produce every year fifty seeds, which 
is a very moderate number for a plant to produce ; 
and that, by the action of the winds and currents, 
these seeds shall be equally and gradually dis- 
tributed, over the whole surface of the land. I 
want you now to trace out what will occur, and 
you will observe that I ani not talking fallacioualy 
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any more than a mathematician does when he ex- 
pounds his problem. If you show that the con- 
ditions of your problem are such as may actually 
occur in Nature and do not transgress any of the 
known laws of Nature in working out your pro- 
position, then you are as safe in the conclusion 
you arrive at as is the mathematician in arriving 
at the solution of his problem. In science, the 
only way of getting rid of the complications with 
■which a subject of this kind is environed, is to 
work in this deductive method. What will be 
the result, then ? I will suppose that every plant 
requires one square foot of ground to live upon ; 
and the result will be that, in the course of nine 
years, the plant will have occupied every single 
available spot in the whole globe ! I have chalked 
upon the blackboard the figures by which I arrive 
at the result : — 


Plants. Plants, 

l x 50 in 1st year = 50 


50 X 50 „ 2nd 
2,500 X 50 „ 3rd 
, 125,000 X 50 „ 4th 
6,250,000 X 50 ,, 5th 
312,500,000 X 50 „ 6th 

15,625,000,000 x 50 „ 7th 

781,250,000,000 X 50 „ 8th 

39,062,500,000,000 x 50 „ 9th 


„ = 2,500 

„ = 125,000 

„ = 6,250,000 

„ = 312,500,000 

„ = 15,626,000,000 

„ = 781,250,000,000 

„ = 39,062,500,000,000 

„ = 1,953,125,000,000,000 


51,000,000 square miles—theV 
sq. ft. in 1 sq, mile j 

being 531,326,600,000,000 
square feet less than would be required at the end of the ninth 


year. 
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You will see from this that, at the end of the 
first year the single plant will have produced fifty 
more of its kind ; by the end of the second year 
these will have increased to 2,500 ; and so on, in 
succeeding yeans, you get beyond even trillions ; 
and I am not at all sure that I could tell you what 
the proper arithmetical denomination of the total 
number really is ; but, at any rate, you will under- 
stand the meaning of all those noughts. Then 
you see that, at the bottom, I have taken the 
51,000,000 of square miles, constituting the sur- 
face of the dry land ; and as the number of square 
feet are placed under and subtracted from the 
iiumberof seeds that would be produced in the 
ninth year, you can see at once that there would 
be an immense number more of plants than there 
would be square feet of ground for their accom- 
modation. This is certainly quite enough to 
prove iny point; that between the eighth and ninth 
year after being planted the single plantwould have 
stocked the whole available surface of the earth. 

This is a thing which is hardly conceivable— it 
seems hardly imaginable— yet it is so. It is 
indeed simply the law of Malthus exemplified. 
Mr. Malthus was a clergyman, who worked out 
this subject most minutely and truthfully some 
years ago ; he showed quite clearly— and although 
he was much abused for his conclusions at the 
time, they have never yet been disproved and 
never will be— he showed that in consequence of 
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the increase in the number of organic beings in a 
geometrical ratio, ■while the means of existence 
cannot be made to increase in the same ratio, that 
there must come a time when the number of or- 
ganic beings will be in excess of the power of pro- 
duction of nutriment, and that thus some check 
must arise to the further increase of those organic 
beings. At the end of the ninth year we have seen 
that each plant would not be able to get its full 
square foot of ground, and at the end of another 
year it would have to share that space with fifty 
others the produce of the seeds which it would 
give off. 

What, then, takes place ? Every plant grows 
up, flourishes, occupies its square foot of ground, 
and gives off its fifty seeds ; but notice this, that 
out of this number only one can come to anything ; 
there is thus, as it were, forty-nine chances to one 
against its growing up ; it depends upon the most 
fortuitous circumstances whether any one of these 
fifty seeds shall grow up and flourish, or whether 
it shall die and perish. This is what Mr. Darwin 
has drawn attention to, and called the “ Struggle 
FOR Existence ’’ ; and I have taken this simple 
case of a plant because some people imagine that 
the phrase seems to imply a sort of fight. 

I have taken this plant and shown you that this 
is the result of the ratio of the increase, the neces- 
sary result of the arrival of a time coming for every 
species when exactly as many members must be 
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destroyed as are born ; that is the inevitable ulti- 
mate result of the rate of production. Now, what 
is the result of all this ? I have said that there 
are forty-nine struggling against every one ; and 
it amounts to this, that the smallest possible start 
given to any one seed may give it an advantage 
which will enable it to get ahead of all the others ; 
anything that will enable any one of these seeds to 
germinate six hours before any of the others will, 
other things being alike, enable it to choke them 
out altogether. I have shown you that there is 
no particular in which plants will not vary from 
each other ; it is quite possible that one of our 
imaginary plants may vary in such a character as 
the thickness of the integument of its seeds; it 
might happen that one of the plants might pro- 
duce seeds having a thinner integument, and that 
would enable the seeds of that plant to germinate 
a little quicker than those of any of the others, and 
those seeds would most inevitably extinguish the 
forty-nine times as many that were struggling 
with them. 

I have put it in this way, but you see the practi- 
cal result of the process is the same as if some 
person had nurtured the one and destroyed the 
other seeds. It does not matter how the variation 
is produced, so long as it is once allowed to occur. 
The variation in the plant once fairly started tends 
to become hereditary and reproduce itself; the 
seeds would spread themselves in the same way 
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and take part in the struggle with the forty-nine 
hundred, or forty-nine thousand, with which they 
might be exposed. Thus, by degrees, this variety 
with some slight organic change or modification, 
must spread itself over the whole surface of the 
habitable globe, and extirpate or replace the other 
kinds. That is what is meant by Natural 
Selection ; that is the kind of argument by which 
it is perfectly demonstrable that the conditions of 
existence may play exactly the same part for 
natural varieties as man does for domesticated 
varieties. No one doubts at all that particular 
circumstances may be more favourable for one 
plant and less so for another, and the moment you 
admit that, you admit the selective power of 
nature. Now, although I have been putting a 
hypothetical case, you must not suppose that I 
have been reasoning hypothetically. There arc 
plenty of direct experiments which bear out what 
we may call the theory of natural selection ; there 
is extremely good authority for the statement that 
if you take the seed of mixed varieties of wheat 
and sow it, collecting the seed next year and sow- 
ing it again, at length you will find that out of all 
your varieties only two or three have lived, or per- 
haps even only one. There were one or two 
varieties which were best fitted to get on, and they 
have killed out the other kinds in just the same 
way and with just the same certainty as if you had 
taken the trouble to remove them. As I have 
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already said, the operation of nature is exactly 
the same as the artificial operation of man. 

But if this he true of that simple case, which I 
put before you, where there is nothing but the 
rivalry of one member of a species with others, 
what must be the operation of selective conditions, 
when you recollect as a matter of fact, that for 
every species of animal or plant there are fifty or 
a hundred species which might all, more or less, be 
comprehended in the same climate, food, and sta- 
tion ; — ^that every plant has multitudinous animals 
which prey upon it, and which are its direct oppo- 
nents ; and that these have other animals preying 
upon them, — that every plant has its indirect 
helpers in the birds that scatter abroad its seed, 
and the animals that manure it with their dung ; — 
I say, when these things are considered, it seems 
impossible that any variation which may arise in 
a species in nature should not tend in some way 
or other either to be a little better or worse than 
the previous stock ; if it is a little better it will 
have an advantage over and tend to extirpate the 
latter in this crush and struggle; and if it is a 
little worse it will itself be extirpated. 

I know nothing that more appropriately ex- 
presses this, than the phrase, ^'the struggle for 
existence ; because it brings before your minds, 
in a vivid sort of way, some of the simplest pos- 
sible circumstances connected with it. When a 
struggle is intense there must be some who are 
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sure to be trodden down, crushed, and overpowered 
by others; and there will be some who just 
manage to get through only by the help of the 
slightest accident. I recollect reading an account 
of the famous retreat of the French troops, under 
Napoleon, from Moscow. Worn out, tired, and 
dejected, they at length came to a great river over 
which there was but one bridge for the passage of 
the vast army. Disorganised and demoralised as 
that army was, the struggle must certainly have 
been a terrible one — every one heeding only him- 
self, and crushing through the ranks and treading 
down his fellows. The writer of the narrative, 
who was himself one of those who were fortunate 
enough to succeed in getting over, and not among 
the thousands who were left behind or forced into 
the river, ascribed his escape to the fact that he 
saw striding onward through the mass a great 
strong fellow, — one of the French Cuirassiers, who 
had on a large blue cloak — and he had enough 
presence of mind to catch and retain a hold of this 
strong man'^ cloak. He says, “ I caught hold of 
his cloak, and although he swore at me and cut 
at and struck me by turns, and at last, when he 
found he could not shake me off, fell to entreating 
me to leave go or I should prevent him from 
escaping, besides not assisting myself, I still kept 
tight hold of him, and would not quit my grasp 
until he had at last dragged me through.'* Here 
you see was a case of selective saving — if we may 
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SO term it — depending for its success on the 
strength of the cloth of the Cuirassier’s cloak. It 
is the same in nature ; every species has its bridge of 
Beresina ; it has to fight its way through and strug- 
gle with other species ; and when well-nigh over- 
powered, it may be that the smallest chance, some- 
thing in its colour, perhaps — the minutest circum- 
stance — will turn the scale one way or the other. 

Suppose that by a variation of the black race it 
had produced the white man at any time — you 
know that the Negroes are said to believe this to 
have been the case, and to imagine that Cain 
was the first white man, and that we are his 
descendants — suppose that this had ever hap- 
pened, and that the first residence of this human 
being was on the West Coast of Africa. There is no 
great structural difference between the white man 
and the Negro, and yet there is something so sin- 
gularly different in the constitution of the two, 
that the malarias of that country, which do not 
hurt the black at all, cut off and destroy the white. 
Then you see there would have been a selective 
operation performed ; if the white man had risen 
in that way, he would have been selected out and 
removed by means of the malaria. Now there 
really is a very curious case of selection of this 
sort among pigs, and it is a case of selection of 
colour too. In the woods of Florida there are a 
great many pigs, and it is a very curious thing that 
they are all black, every one of them. Professor 
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Wyman was there some years ago, and on noticing 
no pigs but these black ones, he asked some of the 
people how it was that they had no white pigs, 
and the reply was that in the woods of Florida 
there was a root which they called the Paint 
Eoot, and that if the white pigs were to eat any 
of it, it had the effect of making their hoofs crack, 
and they died, but if the black pigs ate any of it, 
it did not hurt them at all. Here was a very 
simple case of natural selection. A skilful breeder 
could not more carefully develop the black breed 
of pigs, and weed out all the white pigs, than the 
Paint Boot does. 

To show you how remarkably indirect may be 
such natural selective agencies as I have referred 
to, I will conclude by noticing a case mentioned 
by Mr. Darwin, and which is certainly one of the 
most curious of its kind. It is that of the Humble 
Bee. It has been noticed that there are a great 
many more humble bees in the neighbourhood of 
towns, than out in the open country ; and the ex- 
planation of the matter is this : the humble bees 
build nests, in which they store their honey and 
deposit the larvae and eggs. The field mice are 
amazingly fond of the honey and larvae ; therefore, 
wherever there are plenty of field mice, as in the 
country, the humble bees are kept down ■ but in 
the neighbourhood of towns, the number of cats 
which prowl about the fields eat up the field mice, 
and of course the more mice they eat up the less 
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there are to prey upon the larvae of the bees — the 
cats are therefore the INDIRECT helpers of the 
bees.^ Coming back a step farther we may say 
that the old maids are also indirect friends of the 
humble bees, and indirect enemies of the field 
mice, as they keep the cats which eat up the 
latter I This is an illustration somewhat beneath 
the dignity of the subject, perhaps, but it occurs 
to me in passing, and with it I will conclude this 
lecture, 

^ The hum tie bees, on the other hand, are direct helpers of 
some plants, such as the heartsease and red clover, which are 
fertilised by the visits of the bees ; and they are indirect helpers 
of the numerous insects which are more or less completely sup- 
ported by the heartsease and red clover. 



VI 


A OEITICAL EXAMINATION OF THE POSITION OF 
MR. DARWIN'S WORK, ON THE ORIGIN OF 
SPECIES,” IN RELATION TO THE COMPLETE 
THEORY OF THE CAUSES OF THE PHENOMENA 
OF ORGANIC NATURE. 

In the preceding five lectures I have endeav- 
oured to give you an account of those facts, and 
of those reasonings from facts, which form the 
data upon which all theories regarding the causes 
of the phenomena of organic nature must be 
based. And, although I have had frequent 
occasion to quote Mr. Darwin — as all persons here- 
after, in speaking upon these subjects, will have 
occasion to quote his famous book on the Origin 
of Species,” — ^you must yet remember that, wher- 
ever I have quoted him, it has not been upon 
theoretical points, or for statements in any way 
connected with his particular speculations, but on 
matters of fact, brought forward by himself, or 
collected by himself, and which appear incidentally 
in his book. If a man vnll make a book, pro- 
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fcssing to discuss a single question, an eiicyclo- 
paedia, I cannot help it. 

Now, having had an opportunity of considering 
in this sort of way the different statements bear- 
ing upon all theories whatsoever, I have to lay 
before you, as fairly as I can, what is Mr. Darwin’s 
view of the matter and what position his theories 
hold, when judged by the principles which I have 
previously laid down, as deciding our judgments 
upon all theories and hypotheses. 

I have already stated to you that the inquiry 
respecting the causes of the phenomena of organic 
nature resolves itself into two problems — the first 
being the question of the origination of living or 
organic beings ; and the second being the totally 
distinct problem of the modification and perpetua- 
tion of organic beings when they have already 
come into existence. The first question Mr. 
Darwin does not touch ; he does not deal with it 
at all ; but he says : — Given the origin of organic 
matter — supposing its creation to have already 
taken place, my object is to show in consequence 
of what laws and what demonstrable properties of 
organic matter, and of its environments, such 
states of organic nature as those with which we 
are acquainted must have come about.” This, you 
will observe, is a perfectly legitimate proposition ; 
every person has a right to define the limits of 
the inquiry which he sets before himself ; and yet 
it is a most singular thing that in all the multi- 
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farious, and, not xinfreqnently, ignorant attacks 
which have been made upon the Origin of 
Species/' there is nothing which has been more 
speciously criticised than this particular limitation. 
If people have nothing else to urge against the 
book, they say — '' Well, after all, you see Mr. 
"Darwin's explanation of the ' Origin of Species ' 
is not good for much, because, in the long run, he 
admits that he does not know how organic matter 
began to exist. But if you admit any special 
creation for the first particle of organic matter 
you may just as well admit it for all the rest; five 
hundred or five thousand distinct creations are 
just as intelligible, and just as little difficult to 
understand, as one." The answer to these cavils 
is two -fold. In the first place, all human inquiry 
must stop somewhere ; all our knowledge and all 
our investigation cannot take us beyond the limits 
set by the finite and restricted character of our 
faculties, or destroy the endless unknown, which 
accompanies, like its shadow, the endless procession 
of phenomena. So far as I can venture to offer 
an opinion on such a matter, the purpose of our 
being in existence, the highest object that human 
beings can set before themselves, is not the pursuit 
of any such chimera as the annihilation of the 
ixnknown ; but it is simply the unwearied endeav- 
our to remove its boundaries a little further from 
our little sphere of action. 

I wonder if any historian would for a moment 
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admit the objection, that it is preposterous to 
trouble ourselves about the history of the Koman 
Empire, because we do not know anything positive 
about the origin and first building of the city of 
Rome I Would it be a fair objection to urge, 
respecting the sublime discoveries of a Newton, or 
a Kepler, those great philosophers, whose dis- 
coveries have been of the profoundest benefit and 
service to all men — to say to them — After all 
that you have told us as to how the planets re- 
volve, and how they are maintained in their orbits, 
you cannot tell us what is the cause of the origin 
of the sun, moon, and stars. So what is the use 
of what you have done ? ” Yet these objections 
would not be one whit more preposterous than 
the objections which have been made to tho 
''Origin of Species."' Mr. Darwin, then, had a 
perfect right to limit his inquiry as he pleased, 
and tho only question for us — the inquiry being 
so limited — is to ascertain whether tho method of 
his inquiry is sound or unsound ; whether ho has 
obeyed the canons which must guide and govcni 
all investigation, or whether ho has broken 
them; and it was because our inquiry this 
evening is essentially limited to that question, 
that I spent a good deal of time in a former 
lecture (which, perhaps some of you thought 
might have been better employed), in endeavour- 
ing to illustrate the method and nature of scien- 
tific inquiry in general. Wo shall now have t.(> 
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put in practice the principles that I then laid 
down. 

I stated to you in substance, if not in words, that 
wherever there are complex masses of phenomena 
to be inquired into, whether they be phenomena 
of the affairs of daily life, or whether they belong 
to the more abstruse and difficult problems laid 
before the philosopher, our course of proceeding 
in unravelling that complex chain of phenomena 
with a view to get at its cause, is always the same ; 
in all cases we must invent an hypothesis; we 
must place before ourselves some more or less 
likely supposition respecting that cause ; and then, 
having assumed an hypothesis, having supposed a 
cause for the phenomena in question, we must 
endeavour, on the one hand, to demonstrate our 
hypothesis, or, on the other, to upset and reject it 
altogether, by testing it in three ways. We must, 
in the first place, be prepared to prove that the 
supposed causes of the phenomena exist in nature ; 
that they are what the logicians call mra musm — 
true causes ; — in the next place, we should be pre- 
pared to show that the assumed causes of the 
phenomena are competent to produce such pheno- 
mena as those which wo wish to explain by them ; 
and in the last place, we ought to be able to show 
that no other known causes are competent to pro- 
duce these phenomena. If we can succeed in satis- 
fying these three conditions we shall have demon- 
strated our hypothesis ; or rather I ought to saj 
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we shall have proved it as far as certainty is pos- 
sible for ns ; for, after all, there is no one of our 
surest convictions which may not be upset, or at 
any rate modified by a further accession of know- 
ledge. It was because it satisfied these condi- 
tions that we accepted the hypothesis as to the 
disappearance of the tea-pot and spoons in the 
case I supposed in a previous lecture ; we found 
that our hypothesis on that subject was tenable 
and valid, because the supposed cause existed in 
nature, because it was competent to account for 
the phenomena, and because no other known cause 
was competent to account for them ; and it is upon 
similar grounds that any hypothesis you choose to 
name is accepted in science as tenable and 
valid. 

What is Mr. Darwin’s hypothesis ? As I appre- 
hend it — ^for I have put it into a shape more con- 
venient for common purposes than I could find 
'cerlatim in his book — as I apprehend it, I say, 
it is, that all the phenomena of organic nature, 
past and present, result from, or are caused by, 
the inter-action of those properties of organic 
matter, which we have called Atavism and Varia- 
bility, with the Conditions of Existence, or, 
in other words, — given the existence of organic 
matter, its tendency to transmit its properties, and 
its tendency occasionally to vary ; and, lastly, given 
the conditions of existence by which organic jnat- 
ter is surrounded — that these put together arc the 
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causes of the Present and of the Past conditions of 
Organic Nature. 

Such is the hypothesis as I understand it. Now 
lot us see how it will stand the various tests which 
I laid down just now. In the first place, do these 
supposed causes of the phenomena exist in nature ? 
Is it the fact that, in nature, these properties of 
organic matter — atavism and variability — and 
tliose pLenomena which we have called the con- 
ditions of existence, — is it true that they exist ? 
Well, of course, if they do not exist, all that I have 
told you in the last three or four lectures must be 
incorrect, because I have been attempting to prove 
that they do exist, and I take it that there is 
abundant evidence that they do exist; so far, 
tliorefore, the hypothesis does not break down. 

But in the next place comes a much more diffi- 
cult inipiiry: — Arc the causes indicated compe- 
Uiiii to give rise to the phenomena of organic 
nature ? I suspect that this is indubitable to a 
certain extent. It is demonstrable, I think, as I 
have endeavoured to show you, that they are per- 
fectly competent to give rise to all the plienomena 
which are exhibited by lUOESin nature. Further- 
more, I believe that tlioy arc quite competent to 
account for all that we may call purely structural 
phenomena which arc exhibited by Species in 
nature. On that point also I have already en- 
h^,rged somewhat. Again, I think that the causes 
assumed arc competent to account for most of the 
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physiological characteristics of species, and I not 
only think that they are competent to account for 
them, hut I think that they account for many 
things which otherwise remain wholly unaccount- 
able and inexplicable, and I may say incompre- 
hensible. For a full exposition of the grounds on 
which this conviction is based, I must refer you to 
Mr. Dai’win^s work ; all that I can do now is to 
illustrate what I have said by two or three cases 
taken almost at random. 

I drew your attention, on a previous evening, to 
the facts which are embodied in our systems of 
Classification, which are the results of the examin- 
ation and comparison of the different members 
of the animal kingdom one with another. I men- 
tioned that the whole of the animal kingdom is 
divisible into five sub-kingdoms ; that each of these 
sub-kingdoms is again divisible into provinces; 
that each province may be divided into classes, 
and the classes into the successively smaller groups, 
orders, families, genera, and species. 

Now, in each of these groups the resemblance 
in structure among the members of the group is 
closer in proportion as the group is smaller. Thus, 
a man and a worm are members of the animal 
kingdom in virtue of certain apparently slight 
though really fundamental resemblances which 
they present. But a man and a fish are members of 
the same sub-kingdom because they are 

much more like one auotlior than either of them 
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is to a worm, or a snail, or any member of tlie other 
sub-kingdoms. Fox similar reasons men and horses 
are arranged as members of the same Class, Mam- 
malia; men and apes as members of the same 
Order,- Prmajfes ; and if there were any animals 
more like men than they were like any of the 
apes, and yet different from men in important and 
constant particulars of their organisation, we should 
rank them as members of the same Family, or of 
the same Genus, but as of distinct Species. 

That it is possible to arrange all the varied 
forms of animals into groups, having this sort of 
singular subordination one to the other, is a very 
remarkable circumstance ; but, as Mr. Darwin re- 
marks, this is a result which is quite to be ex- 
pected, if the principles which he lays down be 
correct. Take the case of the races which are 
known to be produced by the operation of atavism 
and variability, and the conditions of existence 
which check and modify these tendencies. Take 
the case of the pigeons that I brought before you : 
there it was shown that they might be all classed 
as belonging to some one of five principal divi- 
sions, and that within these divisions other sub- 
ordinate groups might be formed. The members 
of these groups are related to one another in just 
the same way as the genera of a family, and the 
groups themselves as the families of an order, or 
the orders of a class ; while all have the same sort 
of structural relations with the wild rock-pigeon, 
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as the members of any great natural group have 
with a real or imaginary typical form. Now, we 
know that all varieties of pigeons of every kind 
have arisen by a process of selective breeding from 
a common stock, the rock-pigeon ; hence, you see, 
that if all species of animals have proceeded from 
some common stock, the general character of their 
structural relations, and of our systems of classifi- 
cation, which express those relations, would be just 
what we find them to be. In other words, the 
hypothetical cause is, so far, competent to produce 
effects similar to those of the real cause. 

Take, again, another set of very remarkable 
facts, — ^the existence of what are called rudi- 
mentary organs, organs for which we can find 
no obvious use, in the particular animal econ- 
omy in which they are found, and yet which are 
there. 

Such are the splint-like bones in the leg of the 
horse, which I here show you, and which corre- 
spond with bones which belong to certain toes and 
fingers in the human hand and foot. In the horse 
you see they are quite rudimentary, and bear 
neither toes nor fingers ; so that the horse has 
only one “ finger ” in his fore-foot and one '' toe 
in his hind-foot. But it is a very curious thing 
that the animals closely allied to the horse show 
more toes than he ; as the rhinoceros, for instance : 
he has these extra toes well formed, and anatomi- 
cal facts show very clearly that he is very closely 
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related to the horse indeed. So we may say that 
animals, in an anatomical sense nearly related to 
the horse, have those parts which are rudimentary 
in him fully developed. 

Again, the sheep and the cow have no cutting- 
teeth, but only a hard pad in the upper jaw. That 
is the common characteristic of ruminants in 
general. But the calf has in its upper jaw some 
rudiments of teeth which never are developed, and 
never play the part of teeth at all. Well, if 
you go back in time, you find some of the older, 
now extinct, allies of the ruminants have well- 
developed teeth in their upper jaws ; and at the 
present day the pig (which is in structure closely 
connected with ruminants) has well-developed 
teeth in its upper jaw ; so that here is another 
instance of organs well-developed and very useful, 
in one animal, represented by rudimentary organs, 
for which we can discover no purpose whatsoever 
in another closely allied animal. The whalebone 
whale, again, has homy “ whalebone ” plates in its 
mouth, and no teeth ; but the young foetal whale 
before it is born has teeth in its jaws ; they, how- 
ever, are never used, and they never come to any- 
thing. But other members of the group to which 
the whale belongs have well-developed teeth in 
both jaws. 

Upon any hypothesis of special creation, facts of 
this kind appear to me to be entirely unaccount- 
able and inexplicable, but they cease to be so if 
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you accept Mr. Darwin’s hypothesis, and see reason 
for believing that the whalebone whale and the 
whale with teeth in its mouth both sprang from a 
whale that had teeth, and that the teeth of the 
fetal whale are merely remnants — recollections, 
if we may so say — of the extinct whale. So in 
the case of the horse and the rhinoceros : suppose 
that both have descended by modification from 
some earlier form which had the normal number 
of toes, and the persistence of the rudimentary 
bones which no longer support toes in the horse 
becomes comprehensible. 

In the language that we speak in England, and 
in the language of the Greeks, there are identical 
verbal roots, or elements entering into the com- 
position of words. That fact remains unintellig- 
ible so long as we suppose English and Greek to 
be independently created tongues ; but when it is 
shown that both languages are descended from 
one original, we give an explanation of that 
resemblance. In the same way the existence 
of identical structural roots, if I may so term 
them, entering into the composition of widely 
different animals, is striking evidence in favour of 
the descent of those animals from a common 
original. 

To turn to another kind of illustration : — ^If you 
regard the whole series of stratified rocks — that 
enormous thickness of sixty or seventy thousand 
feet that I have mentioned before, constituting the 
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only record we have of a most prodigious lapse of 
time, that time being, in all probability, but a 
fraction of that of which we have no record j — if 
you observe in these successive strata of rocks 
successive groups of animals arising and dying 
out, a constant succession, giving you the same 
kind of impression, as you travel from one group 
of strata to another, as you would have in travel- 
ling from one country to another ; — when you 
find this constant succession of forms, their 
traces obliterated except to the man of science 
— when you look at this wonderful history, and 
ask what it means, it is only a paltering with 
words if you are offered the reply — “ They were 
so created/* 

But if, on the other hand, you look on all 
forms of organised beings as the results of the 
gradual modification of a primitive type, the facts 
receive a meaning, and you see that these older 
conditions are the necessary predecessors of the 
present. Viewed in this light the facts of pate- 
ontology receive a meaning — ^upon any other 
hypothesis I am unable to see, in the slightest 
degree, what knowledge or signification we are 
to draw out of them. Again, note as bearing 
upon the same point, the singular likeness which 
obtains between the successive Faunse and Florse, 
whose remains are preserved on the rocks : you 
never find any great and enormous difference 
between the immediately successive Faunse and 
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Florae, unless you have reason to believe there 
has also been a great lapse of time or a great 
change of conditions. The animals, for instance, 
of the newest tertiary rocks, in any part of the 
world, are always, and mthout exception, found 
to be closely allied with those which now live in 
that part of the world. For example, in Europe, 
Asia, and Africa, the large mammals are at pres- 
ent rhinoceroses, hippopotamuses, elephants, lions, 
tigers, oxen, horses, &c. ; and if you examine the 
newest tertiary deposits, which contain the 
animals and plants which immediately preceded 
those which now exist in the same country, you 
do not find gigantic specimens of ant-eaters and 
kangaroos, but you find rhinoceroses, elephants, 
lions, tigers, &c., — of different species to those now 
living — but still their close allies. If you turn to 
South America, where, at the present day, we have 
great sloths and armadilloes and creatures of that 
kind, what do you find in the newest tertiaries ? 
You find the great sloth-like creature, the Mega- 
thermm, and the great armadillo, the Glypiodon, 
and so on. And if you go to Australia you find 
the same law holds good, namely, that that con- 
dition of organic nature which has preceded the 
one which now exists, presents differences perhaps 
of species, and of genera, but that the great types 
of organic structure are the same as those which 
now flourish. 

What meaning has this fact upon any other 
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hypothesis or supposition than one of successive 
modification ? But if the population of the 
world, in any age, is the result of the gradual 
modification of the forms which peopled it in the 
preceding age — if that has been the case, it is in- 
telligible enough ; because we may expect that 
the creature that results from the modification of 
an elephantine mammal shall be something like 
an elephant, and the creature which is produced 
by the modification of an armadillo-like mammal 
shall be like an armadillo. Upon that supposition, 

I say, the facts are intelligible ; upon any other, 
that I am aware of, they are not. 

So far, the facts of palceontology are consistent 
with almost any form of the doctrine of progressive 
modification ; they would not be absolutely incon- 
sistent with the wild speculations of De Maillet, 
or with the less objectionable hypothesis of La- 
marck. But Mr. Darwin's views have one peculiar 
merit; and that is, that they are perfectly con- 
sistent with an array of facts which are utterly in- 
consistent with, and fatal to, any other hypothesis 
of progressive modification which has yet been 
advanced. It is one remarkable peculiarity of 
Mr, Darwin's hypothesis that it involves no neces- 
sary progression or incessant modification, and 
that it is perfectly consistent with the persistence 
for any length of time of a given primitive stock, 
contemporaneously with its modifications. To 
return to the case of the domestic breeds of 
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pigeons, for example ; you liave the dove-cot 
pigeon, which closely resembles the rock pigeon, 
from which they all started, existing at the same 
time with the others. And if species are developed 
in the same way in nature, a primitive stock and 
its modifications may, occasionally, all find the 
conditions fitted for their existence ; and though 
they come into competition, to a certain extent, 
with one another, the derivative species may not 
necessarily extirpate the primitive one, or vice 
versd. 

Now palaeontology shows us many facts which 
are perfectly harmonious with these observed 
effects of the process by which Mr. Darwin sup- 
poses species to have originated, but which appear 
to me to be totally inconsistent with any other 
hypothesis which has been proposed. There are 
some groups of animals and plants, in the fossil 
world, which have been said to belong to "" persist- 
ent types,’’ because they have persisted, with 
very little change indeed, through a very great 
range of time, while everything about them has 
changed largely. There are families of fishes 
whose type of construction has persisted all the 
way from the carboniferous strata right up to the 
cretaceous ; and others which have lasted through 
almost the whole range of the secondary rocks, 
and from the lias to the older tertiaries. It is 
something stupendous this — ^to consider a genus 
lasting without essential modifications through all 
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this enormous lapse of time while almost every- 
thing else was changed and modified. 

Thus I have no doubt that Mr. Darwin’s hypo- 
tliesis will be found competent to explain the ma- 
jority of tho phenomena exhibited by species in 
nature ; but in an eaiiier lecture I spoke cautiously 
with respect to its power of explaining all the 
physiological peculiarities of species. 

There is, in fact, one set of these peculiarities 
which the theory of selective modification, as it 
stands at present, is not wholly competent to 
explain, and that is the group of phenomena which 
I mentioned to you under the name of Hybridism, 
and which I explained to consist in the sterility of 
the offspring of certain species when crossed one 
with another. It matters not one whit whether 
this sterility is universal, or whether it exists only 
in a single case. Every hypothesis is bound to 
explain, or, at any rate, not be inconsistent with, 
the whole of the facts which it professes to account 
for; and if there is a single one of these facts 
which can be shown to be inconsistent with (I do 
not merely mean inexplicable by, but contrary to) 
the hypothesis, the hypothesis falls to the ground, 
— it is worth nothing. One fact with which it is 
positively inconsistent is worth as much, and as 
powerful in negativing the hypothesis, as five 
hundred. If I am right in thus defining the obli- 
gations of an hypothesis, Mr. Darwin, in order to 
place his views beyond the reach of all possible 
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assault, ought to be able to demonstrate the possi- 
bility of developing from a particular stock by se- 
lective breeding, two forms, which should either 
be unable to cross one with another, or whose 
cross-bred offspring should be infertile with one 
another. 

For, you see, if you have not done that you have 
not strictly fulfilled all the conditions of the prob- 
lem ; you have not shown that you can produce, 
by the cause assumed, all the phenomena which 
you have in nature. Here are the phenomena of 
Hybridism staring you in the face, and you cannot 
say, I can, by selective modification, produce 
these same results.” Now, it is admitted on all 
hands that, at present, so far as experiments have 
gone, it has not been found possible to produce 
this complete physiological divergence by selective 
breeding, I stated this very clearly before, and I 
now refer to the point, because, if it could be 
proved, not only that this lias not been done, but 
that it cannot be done ; if it could be demonstrated 
that it is impossible to breed selectively, from any 
stock, a form which shall not breed with another, 
produced from the same stock ; and if we were 
shown that this must be the necessary and inevit- 
able results of all experiments, I hold that Mr, 
Darwin's hypothesis would be utterly shattered. 

But has this been done ? or what is really the 
state of the case ? It is simply that, so far as we 
have gone yet with our breeding, we have not pro- 
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duced from a common stock two breeds whicli are 
not more or less fertile with one another. 

I do not know that there is a single fact which 
would justify any one in saying that any degree of 
sterility has been observed between breeds abso- 
lutely known to have been produced by selective 
breeding from a common stock. On the other 
hand, I do not know that there is a single fact 
which can justify any one in asserting that such 
sterility cannot be produced by proper experiment- 
ation. For my own part, I see eveiy reason to 
believe that it may, and will be so produced. For, 
as Mr. Darwin has very properly urged, when we 
consider the phenomena of sterility, we find they 
are most capricious ; we do not know what it is 
that the sterility depends on. There are some 
animals which will not breed in captivity ; whether 
it arises from the simple fact of their being shut 
up and deprived of their liberty, or not, we do not 
know, but they certainly will not breed. What an 
astounding thing this is, to find one of the most 
important of all functions annihilated by mere 
imprisonment ! 

So, again, there are cases known of animals 
which have been thought by naturalists to be un- 
doubted species, which have yielded perfectly fer- 
tile hybrids ; while there are other species which 
present what everybody believes to be varieties^ 

^ And as I conceive witli very good reason ; but if any objec- 
tor urges that we cannot prove that they have been produced by 

VOL. II H H 
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which are more or less infertile with one another. 
There are other cases which are truly extraordi- 
nary; there is one, for example, which has been 
carefully examined, — of two kinds of sea-weed, of 
which the male element of the one, which we may 
call A, fertilises the female element of the other, 
B ; while the ma^e element of B will not fertilise 
the female element of A ; so that, while the for- 
mer experiment seems to show us that they are 
mrieties, the latter leads to the conviction that 
they are species. 

When we see how capricious and uncertain this 
sterility is, how unknown the conditions on which 
it depends, I say that we have no right to affirm 
that those conditions will not be better understood 
by and by, and we have no ground for supposing 
that we may not be able to experiment so as to 
obtain that crucial result which I mentioned just 
now. So that though Mr. Darwin^s hypothesis 
does not completely extricate us from this difficulty 
at present, we have not the least right to say it 
will not do so. 

There is a wide gulf between the thing you can- 
not explain and the thing that upsets you alto- 
gether. There is hardly any hypothesis in this 
world which has not some fact in connection with 
it which has not been explained, but that is a very 
different affair to a fact that entirely opposes your 

artificial or natural selection, the objection must bo admitted 

ultra-sceptical as it is. But in science, scepticism is a duty. 
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ftypothesis; in this case all you can say is, 
that your hypothesis is in the same position as a 
good many others. 

Now, as to the third test, that there are no 
other causes competent to explain the phenomena, 

I explained to you that one should he able to say 
of an hypothesis, that no other known causes than 
those supposed by it are competent to give rise to 
the phenomena. Here, I think, Mr. Darwin’s 
view is pretty strong. I really believe that the 
alternative is either Darwinism or nothing, for I 
do not know of any rational conception or theory 
of the organic universe which has any scientific 
position at all beside Mr. Darwin’s. I do not 
know of any proposition that has been put before 
us with the intention of explaining the phenomena 
of organic nature, which has in its favour a 
thousandth part of the evidence which may be ad- 
duced in favour of Mr. Darwin’s views. Wliatever 
may be the objections to his views, certainly all 
other theories are absolutely out of court. 

Take the Lamarckian hypothesis, for example. 
Lamarck was a great naturalist, and to a certain 
extent went the right way to work ; he argued 
from what was undoubtedly a true cause of some 
of the phenomena of organic nature. He ^id it 
is a matter of experience that an animal may be 
modified more or less in consequence of its desires 
and consequent actions. Thus, if a man exercise 
himself as a blacksmith, his arms will become 

H' , 
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strong and mnsciilar ; such organic modification's 
a result of thiKS particular action and exercise. 
Lamarck thouglit that by a very simple supposi- 
tion based on this truth he could explain the origin 
of the various animal species : he said, for ex- 
ample, that the short-legged birds which live on 
fish had been converted into the long-legged 
waders by desiring to get the fish without wetting 
their feathers, and so stretching their legs moi'e 
and more through successive generations. If 
Lamarck could have shown experimentally that 
even races of animals could be produced in this 
way, there might have been some ground for his 
speculations. But he could show nothing of the 
kind, and his hypothesis has pretty well dropped 
into oblivion, as it deserved to do. I said in an 
earlier lecture that there are hypotheses and hy- 
potheses, and when people tell you that Mr. Dar- 
win's strongly-based hypothesis is nothing but a 
mere modification of Lamarck's, you will know 
what to think of their capacity for forming a 
judgment on this subject. 

But you must recollect that when I say I think 
it is either Mr. Darwin's hypothesis or nothing ; 
that either we must take his view, or look upon 
the whole of organic nature as an enigma, the 
meaning of which is wholly hidden from us ; you 
must understand that I mean that I accept it 
provisionally, in exactly the same way as 1 accept 
any other hypothesis. Men of science do not 
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I^edge themselves to creeds ; they are bound by 
articles of no sort ; there is not a single belief that 
it is not a bounden duty with them to hold with 
a light hand and to part with cheerfully, the 
moment it is really proved to be contrary to any 
fact, great or small. And if, in course of time I 
see good reasons for such a proceeding, I shall have 
no hesitation in coming before you, and pointing 
out any change in my opinion without finding the 
slightest occasion to blush for so doing. So I say 
that we accept this view as we accept any other, 
so long as it will help us, and we feel bound tc 
retain it only so long as it will serve our grea"^ 
purpose — ^the improvement of Man’s estate and 
the widening of his knowledge. The momen+ 
this, or any other conception, ceases to be useful 
for these purposes, away ‘with it to the four winds ; 
we care not what becomes of it ! 

But to say truth, although it has been my busi- 
ness to attend closely to the controversies roused 
by the publication of Mr. Darwin’s book, I think 
that not one of the enormous mass of objections 
and obstacles which have been raised is of any 
very great value, except that sterility case which 
I brought before you just now. All the rest are 
misunderstandings of some sort, arising either 
from prejudice, or want of knowledge, or stiii 
more from want of patience and care in reading 
the work. 

For you must recollect that it is not a book to 
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be read with as much ease as its pleasant styl<i 
may lead you to imagine. You spin through it 
as if it were a novel the first time you read it, and 
think you know all about it ; the second time you 
read it you think you know rather less about it ; 
and the third time, you are amazed to find how 
little you have really apprehended its vast scope 
and objects. I can positively say that I never 
take it up without finding in it some new view, or 
light, or suggestion that I have not noticed before. 
That is the best characteristic of a thorough and 
profound book ; and I believe this feature of the 
“ Origin of Species explains why so many per- 
sons have ventured to pass judgment and criti- 
cisms upon it which are by no means worth the 
paper they are written on. 

Before concluding these lectures there is one 
point to which I must advert — ^though, as Mr. 
Darwin has said nothing about man in his book, 
it concerns myself rather than him ; — for I have 
strongly maintained on sundry occasions that if 
Mr. Darwin's views are sound, they apply as much 
to man as to the lower mammals, seeing that it is 
perfectly demonstrable that the structural differ- 
ences which separate man from the apes are not 
greater than those which separate some apes 
from others. There cannot be the slightest doubt 
in the world that the argument which applies to 
the improvement of the horse from an earlier 
stock, or of ape from ape, applies to the improve- 
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rrient of man from some simpler and lower stock 
than man. There is not a single faculty— func- 
tional or structural, moral, intellectual, or instinc- 
tive, there — is no faculty whatever that is not 
capable of improvement ; there is no faculty what- 
soever which does not depend upon structure, and 
as structure tends to vary, it is capable of being 
improved. 

Well, I have taken a good deal of pains at 
various times to prove this, and I have endeav- 
oured to meet the objections of those who main- 
tain, that the structural dififerences between man 
and the lower animals are of so vast a character 
and enormous extent, that even if Mr. Darwin^s 
views are correct, you cannot imagine this par- 
ticular modification to take place. It is, in fact, 
an easy matter to prove that, so far as structure is 
concerned, man differs to no greater extent &om 
the animals which are immediately below him 
than these do from other members of the same 
order. Upon the other hand, there is no one who 
estimates more highly than I do the dignity of 
human nature, and the width of the gulf in in- 
tellectual and moral matters which lies between 
man and the whole of the lower creation. 

But I find this very argument brought forward 
vehemently by some. You say that man has 
proceeded from a modification of some lower 
animal, and you take pains to prove that the 
structural differences which are said to exist in his 
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brain do not exist at all, and you teach that all 
functions, intellectual, moral, and others, are the 
expression or the result, in the long run, of struc- 
tures, and of the molecular forces which they 
exert.” It is quite true that I do so. 

“Well, hut,’' I am told at once, somewhat 
triumphantly, “ you say in the same breath that 
there is a great moral and intellectual chasm 
between man and the lower animals. How is 
this possible when you declare that moral and in- 
tellectual characteristics depend on structure, and 
yet tell us that there is no such gulf between the 
structure of man and that of the lower animals ? ” 

I think that objection is based upon a miscon- 
ception of the real relations which exist between 
structure and function, between mechanism and 
work. Function is the expression of molecular 
forces and arrangements no doubt; but, does it 
follow from this, that variation in function so 
depends upon variation in structure that the former 
is always exactly proportioned to the latter ? If 
there is no such relation, if the variation in func- 
tion which follows on a variation in structure may 
be enormously greater than the variation of the 
structure, then, you see, the objection falls to the 
ground. 

Take a couple of watches — made by the same 
maker, and as completely alike as possible ; set 
them upon the table, and the function of each — 
which is its rate of going — ^will be performed in 
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tile same manner, and you shall be able to dis- 
tinguish no difference between them ; but let me 
take a pair of pincers, and if my hand is steady 
enougli to do it, let me just lightly crush together 
the bearings of the balance-wheel, or force to a 
slightly different angle the teeth of the escape- 
ment of one of them, and of course you know the 
immediate result will be that the watch, so treated, 
from that moment will cease to go. But what 
proportion is there between the structural altera- 
tion and the functional result ? Is it not perfectly 
obvious that the alteration is of the minutest kind, 
yet that, slight as it is, it has produced an infinite 
differe*ace in the performance of the functions of 
these two instruments ? 

Well, now, apply that to the present question. 
What is it that constitutes and makes man what 
he is ? What is it but his power of language — 
that language giving him the means of recording 
his experience — making every generation some- 
what wiser than its predecessor — ^more in accord- 
ance with the established order of the universe ? 

What is it but this power of speech, of record- 
ing experience, wliich enables men to be men — 
looking before and after and, in some dim sense, 
understanding the working of this wondrous uni- 
verse — and which distinguishes man from the 
whole of the brute world ? I say that this func- 
tional difference is vast, unfathomable, and truly 
infinite in its consequences ; and I say at the same 
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time, that it may depend upon structural diffid- 
ences which shall he absolutely inappreciable to 
us with our present means of investigation. What 
is this very speech that we are talking about ? I 
am speaking to you at this moment, but if you 
were to alter, in the minutest degree, the propor- 
tion of the nervous forces now active in the two 
nerves which supply the muscles of my glottis, I 
should become suddenly dumb. The voice is pro- 
duced only so long as the vocal chords are parallel ; 
and these are parallel only so long as certain 
muscles contract with exact equality ; and that 
again depends on the equality of action of 
those two nerves I spoke of. So that a change of 
the minutest kind in the structure of one of these 
nerves, or in the structure of the part in which it 
originates, or of the supply of blood to that part, 
or of one of the muscles to which it is distributed, 
might render all of us dumb. But a race of dumb 
men, deprived of all communication with those 
who could speak, would be little indeed removed 
from the brutes. And the moral and intellectual 
difference between them and ourselves would be 
practically infinite, though the naturalist should 
not be able to find a single shadow of even specific 
structural difference. 

But let me dismiss this question now, and, in 
conclusion, let me say that you may go away with 
it as my mature conviction, that Mr. Darwin’s 
work is the greatest contribution which has been 
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faade to biological science since the publication of 
the R^gne Animal ” of Cuvier, and since that 
of the “ History of Development/’ of Von Baer. 
I believe' that if you strip it of its theoretical part 
it still remains one of the greatest encyclopsedias 
of biological doctrine that any one man ever 
brought forth ; and I believe that, if you take it 
as the embodiment of an hypothesis, it is destined 
to be the guide of biological and psychological 
speculation for the next three or four genera ' 
tions. 
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